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INTRODUCTION

Delayed implantation
Delayed implantation is the phenomenon of arrested growth of
embryos after cleavage to the blastocyst stage.

It is a regular feature

of gestation in certain mammals, including the laboratory rat, red
kangaroo, and weasel.
tation does not occur.
cavity*

During the period of arrested growth, implan
The blastocyst remains unattached in the uterine

Implantation takes place after a delay period that varies widely

in different species.
The research reported here was done with the short-tailed weasel.
Mustela erminea. which has an early summer breeding season and a gesta
tion period of about 10 months.

Implantation is delayed until about a

month before parturition in the spring.
Reviews concerning delayed implantation have been compiled by Enders
(1963 ) and Shelden (I968 ).
Pituitary gland
There is scanty evidence concerning the role of the pituitary gland
in delayed implantation in Mustelidae.

Basophil degranulation, cellular

enlargement and other appearances of activity occur immediately before
implantation in the mink (Baevsky, I963 ) and European badger (Canivenc,
i960 ).

The nature of the hormone(s) being produced remains unclear.

Difficulty exists in assigning cells to particular categories of hormone
production on the basis of stain affinities alone since species differences
have been encountered (Purves, I96 I).

Thus, on the basis of existing

pituitary studies, it seems likely that the pituitary releases hormones
prior to implantation but their identity remains obscure.

In the ferret, a xnustelid with no delay of implantation, apparent
activity of pituitary basophils fluctuates in accordance with the sexual
cycle, being greatest just before and during estrus (Holmes, I96O).
Bissonnette (1935) found that hypophysectomy in the ferret interfered with
the "sexual cycle" and the effect of artificially increased length of day
on the "sex organs," Luteal regression and a state of follicular activ
ity resembling anestrus occur in hypophysectomized ferrets (Hill and
Parkes, 1933a, 1933b),

Stimulation of folliculogenesis and vulval hyper

trophy caused by artificially increased day length are prevented by
hypopbysectoDQT (ibid,. 1933b),
Corpora lutea
Some idea about the possible hormonal parameters accompanying ges
tation in nrustelids can be implied from the changes in corpora lutea that
occur prior to implantation.

During delay, corpora lutea are small.

Prior to implantation, they increase in size as a result of marked cellu
lar hypertrophy.

This phenomenon has been described in the European badger

(Canivenc and Bonnin-Laffargue, 1956, 1963# Canivenc, Short, and BonninLaffargue, I966 ), mink (Enders, 1952, 1956; Hansson, 19^7), and short
tailed and long-tailed weasels (Wright, 1963; Shelden, I968 ), This morpho
logical evidence suggests that the delay period must be accompanied by
a lowering of luteotrophins, progestins, and estrogens and that implanta
tion follows increased

secretion of these hormones.

The concept of relative progesterone deficiency during the delay
period is supported hy the findings of Ruffie, et
European badger.

(I96I) in the

Little pregnandiol is excreted during the delay period

and marked increase in excretion accompanies active gestation.

Ovarian interstitial cells
The functional significance of ovarian interstitial tissue is not
known.

Young (I96I) summarized much of the information concerning inter

stitial cells.

Evidence indicates that they may be derived from the theca

interna of ovarian follicles and that they may be active in the production
of ovarian steroid hormones (Mossman, 1937» Rennels, 1951» Guraya and
Greenwald, 1964, I965)#

The prominence of these cells in mustelids has

prompted curiosity about a possible role in delayed implantation.
Enders and Enders (1963) suggest that follicular atresia during the
period of delay in the mink results in the accumulation of nodules of
interstitial tissue.

Wright (I963) described the highly developed

interstitium of the delay period in the long-tailed weasel and suggested
a correlation with the state of embryonic activity.

He indicated (per

sonal communication) that this development was also typical of the American
badger and is followed by a marked diminution in apparent activity after
implantation.

Shelden (I968) found this to be the case in both short

tailed and long-tailed weasels.
Receptivity of the uterus
Uterine insensitivity to mechanical stimuli may play a part in caus
ing implantation to be delayed.

Uterine irritability in mustelids has not

been investigated.
Summary and statement of objectives
The hypeties is that arrest of embryo growth is due to ovarian hor
monal deficiency was tested by Shelden (I968).

In his studies, weasels

ovariectomized during the delay period were given daily injections of
progesterone and estrone (dose; 3mg progesterone; 0.0045-4.5US estrone).

TABLE 1. PERIOD OF CAPTIVITY AND FUR COLOR AT START OF EXPERHffiNTS

Animal
no.

Area of
capture

Date of
capture

Fur color
at capture

Days held
captive

Fur color on
experiment day 1

A1

FR

8—20—68

brown

?o

brown

A2

Alb

10-18-68

brown

10

brown

A3

FR

8—20—68

brown

?o

turning white

a6

FR

8—20—68

brown

?o

brown

B9

Alb

10-10-68

20

turning white

B12

Alb

10-10-68

turning
white
brown

30

brown

DÎ3

PC

9 -1 5 -6 8

brown

20

turning white

Dl4

Alb

10-10-68

white

20

white

Dl6

Alb

10-10-68

20

turning white

C18

FR

8—20—68

turning
white
brown

?o

turning white

C19

Alb

10-10-68

white

20

white

C20

Alb

10-10-68

20

turning white

E31

Alb

11-9-68

turning
white
white

75

turning brown

E32

Alb

12-18-68

white

40

white

40^

Alb

10-18-68

white

100

turning brown

Alb

10-28-6?

white

60

turning brown

Alb

12-18-6?

white

40

turning brown

FR = North Fork of Flathead River; northwestern Montana.
Alb = Alberta, Canada; near Edmonton.
PC = Pattee Canyon; near Missoula, Montana,
♦Male short-tailed weasel,
♦♦Active gestation occured spontaneously; day 1 = time of
hysterectomy.

Since ovariectomized weasels were used, the hypothesis that activity of
the ovarian interstitium inhibits embryo growth was also tested#
Because implantation was not induced as a xesult of these manipulations,
I hypothesized that embryo growth might be inhibited by pituitary secre
tion,

Pituitary cytological changes accompanying implantation in the mink

and badger and lack of information about pituitary function during delayed
implantation in mustelids indicated that the hypothesis should be tested.
Accordingly, I proposed to hypophysectomize weasels during the delay per
iod#

It was expected that removal of the pituitary might result in the

removal of a factor inhibiting embryo growth, idiich could then be stimula
ted by an appropriate regimen of ovarian hormones,
In addition, I proposed to answer the following questions 8
1) Does the ovarian interstitial tissue depend upon pituitary hor
mone for support during the delay period?
2)

Is the uterus of the delay period reactive to traumatic stimuli?
MATERIALS AND METHODS

Obtaining animals
All the weasels used in these studies were short-tailed weasels
(Mustela erminea), Some of them were purchased from a Canadian trapper,
Mr* John Matthews, of Sherwood Park, Alberta,

I trapped the remainder#

Table 1 contains information about captivity and coat color.

The letter

in the animal "number" identifies the experimental group (Table 2),
Altogether, 36 female weasels were studied*

Several of these died before

they could provide data.
The weasels obtained from Mr, Matthews were shipped air express or
air freight.

Difficulty was encountered in shipping.

Appendix 1 contains

a summary of the problem and its solutions o
In Montana p traps were placed in culverts surrounded by very dense
shrubs0 Homemade fiberglass box traps were baited with kippered herring.
Squawfish were killed and allowed to deconqpose in a closed container of
water placed in the sun.
sites.

The resulting preparation was sprinkled near trap

See Appendix 1 for additional information concerning trapping,

Care of captive animals
All the animals which I caught in late summer of I968 were first
kept outside in cages consisting of a nest box with hardware cloth run.
The weasels obtained from the Canaidian trapper (fall of 1967; fall of I968 )
were housed from the beginning in the animal quarters of the University
of Montana's Zoology Department,

At the time of arrival of the weasels

from Canadap those which I had trapped were transferred to zoology's
animal quarters so that physical environment was the same for both groups,
HerOp all the weasels were kept in 18" X 18" wire cages with no nest box.
Nesting material (plugging cotton) was provided.

In these quarters, it

was not possible to insure natural conditions of photoperiod and tempera
ture,

Lights were often on after the hours of natural darkness.

ture was kept near 68P,

Tempera

The weasels obtained from Matthews in the winter

of 1968 were kept in the attic of ray house for the duration of their per
iod of captivityp including the experimental period.

Natural photoperiod

was maintained by exposure to north-facing windows and temperature was
maintained about 20F above outside temperaturep with a high near 50 and
a low of 22,
After a severe outbreak of distemper during the winter of I967 #
all animals were vaccinated as soon after capture as possible.

The

TABLE 2. EXPLANATION OF EXPERIMENTAL GROUPS

Experimental treatment

Group
A

Hypophysectomy(day 1) ; 2mg progesterone daily from
day 1; estradiol as indicated in Fig 1 beginning
with day 10,

B

Hypophysectomy(day 1) ; sterile cotton threads placed
in both horns of uterus on day 1; hormone regimen
same as group A(Fig 1),

C

Hypophysectomy(day 1) ; daily injection of hormone
vehicle alone beginning with day 1,

D

Intact; daily injection of hormone vehicle alone
beginning with day 1; sterile cotton threads in
both horns of uterus of animal number Dl6,

E

Hypophysectomy and ovariectomy(day 1) ; hormone
regimen same as group A(Fig 1),

TABLE 3. TIME THAT EMBRYOS WERE OBTAINED*
Animal no.
Experiment day
______________day 1 = day of hypophysectomy
A3
A2
A1

0 & 10
10 & 15
15 & 25

312

11

C19
CIS
C20

0 & 30
10 & 25
15 & 30

D14
Dl6

30 ^
10 & 15

E31**
E32+*

0& 6
13 & 17

* Embryos removed with uterus and ovary,
** Embryos and uterus only; ovary removed day 0,

8

modified live virus type of vaccine was used (Biotec Laboratories).
Although vaccinated weasels occasionally died from unknown causes, no
significant disease outbreaks recurred.
During the winter of 1967-68, diet consisted of 90$ idnle ground
mice and 10$ Purina dietary supplement for mink.

During the balance of

the experiment, the animals were fed National GnF 100 mink feed, which is
a complete ration prepared by mixing with water.
Explanation of experimental groups
To test the hypothesis that pituitary secretions inhibit embryo growth,
the gland was removed during the delay period.
was called day 1.

The day of hypophysectomy

A H animals were laparotomized just before hypophysectomy

in order to make certain that implantation had not occurred.

Uteri were

examined grossly for the presence of blastocysts. Weasels assigned to
Groups A and B received daily injections of ovarian hormones (Table 2).
Hormone dosage is shown in Fig. 1.

Groups C and D served as hypophysec-

tomized and intact controls, respectively, and received daily injections
of hormone vehicle alone beginning with day 1.

At the times shown in

Table 3, uteri were removed by unilateral hysterectoiy and sectioned
longitudinally.
Group E was added after examination of embryos from the other groups
revealed no implantation.

Growing embryos (several mitotic figures) were

recovered from groups A and B after single doses of estradiol but not
after successive daily injections, suggesting an inhibitory action by the
larger dosage.

Yet, mitotic activity, increased vascularity, and nuclear

heterogeneity are effects of estrogen that were absent from the uterine
tissue of those receiving single injections of estrogen.

To attempt to

B12
.05

A2

ET

IE

3Û

QC
LU
fiO
S
3

.10

Z

< A1

H i ...................

S

.....................

Z

lul

U

j‘

t

11

|H |

t Î

Î,

.IE

lU l

t T H

f

.05 DAILY

.05

<

f t !

r

.01.02 .04 .0 2 jOI

1— r 1 1 1 1 1 1 I i _ i

I 1 Ï —1— 1 1 T T-—1 T 1 1 1 1 1

EXPERIMENT

DAY

Fig 1, Protocol for estradiol injection and removal of embryos.
Nuinbers under arrows indicate dose of estradiol benzoate(micrograms).
H = hypophysectoir^* U = uterine tissue and embryos removed. All
animals received daily injections of 2mg progesterone from day 1
until end of experiment.
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provide sufficient estradiol and still avoid the inhibitory action of
large amounts p the hormone was given to group £ animals over a period
of 5 days in gradually increasing, then decreasing doses (Fig, 1),
Ovariectomy was done at the time of hypophysectomy to eliminate the pos
sibility of stimulating ovarian secretion with exogenous hormone.

Embryos

were removed at times shown in Table 3»
T6 determine if interstitial tissue was supported by pituitary
secretion during the delay period, ovarian tissue was removed at various
time periods after hypophysectomy up to day 30,

Ovaries were obtained from

intact animals during the delay period and from weasels with reactivated
and implanted embryos.
To determine if the uterus of the delay period was sensitive to
traumatic stimuli, threads were placed in the uteri.

One intact and one

hypophysectomized, hormone-treated animal were studied (see Table 2),
Uterine tissue was removed on day 10,
Obtaining reactivated embryos and post-hypophysectomy testicular and
adrenal tissue
Uteri of animals 104 and 5^ (intact; embryos spontaneously reactivat
ed) were removed surgically along with the ovaries when laparotomy reveal
ed conspicuous uterine swellings.

An embryo in the earliest stages of

reactivation 27 days before term was provided by Dr, P,Lo Wright,
Testes and adrenals were obtained from hypophysectomized animals.
Time of obtaining these tissues is discussed along with observations.
Hormone preparation and administration
Progesterone (International Chemical and Nuclear Corporation) and
17=beta=estradiol benzoate (Sigma Chemical Company) were dissolved in
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sesame oil g UoSoPo

The progesterone was prepared in the concentration

2Qmg/cc and estradiol benzoate in the concentration Ipg/cc. Additional
information on hormone preparation can be found in Appendix 1.

Injections

were given with a glass tuberculin syringe in a volume of 0®10-0o20cco
The weasels were immobilized for injection in a carbon dioxide chamber
built to receive the cages (Fig* 42),
Hypophysectomy
Hypophysectomy was done using Dr, R.K. Meyer’s modification of the
parapharyngeal method of Smith (1930),

A complete list of materials is

in Appendix 1.
Ether anesthesia was used because the plane of anesthesia could be
easily manipulated and rapid recovery was usual*

A vacuum apparatus fit

ted with a small cannula (Fig, 41) was used to remove mucus from the
trachea.
Before surgery, areas to be incised were clipped with fine
toothed animal clippers, Surgical instruments were cleansed in Zephiran
(1 g10(,000),

The anesthetized animals were restrained for surgery by

placing aluminum pushpins through loose skin into a softwood board.

The

head, which was placed so that the nose pointed away from the surgeon, was
immobilized by the head retractor shown in Fig, 41, ^(The wire loop of the
retractor was placed around the upper canines.

Tension was maintained by

the rubber band attached to the retractor and pushpin.
The area to be incised was swabbed with Zephiran,

The incision

was made along the ventral surface of the neck (Fig, 2),

The submandibular

salivary glands can be palpated in the shaved animal and were used as land
marks,

The completed incision was about 1 inch in length.

The connective
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tissue underlying the incision was separated bgr blunt dissection and the
sternohyoid and omohyoid muscles and submandibular glands exposed (Pige 3)*
With a sharp-pointed forceps (Fig* 41) the loose connective tissue lying
more deeply and lateral to the esophagus was dissected away, avoiding the
carotid artery and other blood vessels in the vicinity.

Structures to the

animal's left of the point of entry (Figs. 3 & 4) were then retracted
using an instrument similar to those shown in Fig. 41.

The dorsal mesen

tery of the esophagus was next separated anteriorly from its dorsal
attachment.

Separation of this mesentery was carried forward to free the

posterior nasopharynx.
the animal*s right.

The trachea and esophagus were then retracted to

Removal of the anterior portions of the longue

capitus muscle revealed a round, yellowish area, the pituitary gland,
visible through the very thin sphenoid bone (Fig. 4).
A hole was drilled in the skull with a Ffingst CH flexible shaft
motor {dental drill motor) fitted with a contra angle handpiece and size
10 burr.

Slow speed and light pressure were adequate.

With the sides of

the burr, the hole was enlarged anteriorly and laterally to expose most
of the gland.

Care was taken not to rupture the venous sinus under the

dorsum sellae (Fig. 6).
After the hole was completed (Fig. 5)» it was cleansed with cotton.
Bits of skull were removed with fine forceps,

A dissecting scope mounted

on a movable arm was helpful for manipulations after drilling of the hole.
Lighting was supplied by an illuminator that concentrated the light in a
small area (Nicholas illuminator, Bausch and Lomb),
If the drilling and cleansing had been done with care, the dura re
mained around the gland.

This was dissected away by initiating a small
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tear with a dura hook (Appendix 1) and freeing the gland by use of a
small /glass probe with a very fine, but blunt end (Figo 4i).

The pituitary

of the weasel is not attached laterally but, like the ferret's, is secure
ly anchored anteriorly by the neural stalk and is held posteriorly by
the dorsum sellae (Fig® 6)®

Posteriorly, the gland was freed by dis

section with the glass probe®

Anteriorly, it was separated from the

stalk with a pointed watchmaker's forceps®

While freeing the gland, pro

fuse bleeding was occasionally encountered, most likely from rupture of
the venous sinus contained within the dorsum sellae. (Fig® 6}®

Packing

the hole with cotton and allowing the area to remain undisturbed for a
time always stopped the bleeding®
was carefully lifted away®

After the gland had been freed, it

If preservation of the whole gland was not

necessary, it was sucked out using a small cannula (Appendix 1)®
After tlye gland was removed, Gelfoam (Upjohn) was packed into the
hole in the skull®

The surgical area was then cleansed with Zephiran and

the skin sutured with heavy cotton thread.
Ovariectomy
After ligation of major blood vessels, the ovaries were removed by
slitting the ovarian bursa and lifting out the ovary leaving the oviduct
intact®
Placement of threads in the uterus
Cotton thread was sterilized in a glass petri dish®

The uterus was

pierced with a watchmaker's forceps and a small length of thread was drawn
back through the entire organ®

This is similar to the method used by

Deanesly (I967 ) in guinea pigs.
Paraffin methods
At autopsy the skin of the head was removed and the entire head
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placed in "formol saline" (10^ formalin in physiological saline).

Décal

cification was accomplished by adding formic acid to the fixative.

Excess

tissue -was removed from around the sella turcica to facilitate uniform
penetration of solutions. The remaining material was then replaced in the
decalcifying-fixing solution for another few days to allow complete décal
cification.

After washing in 70^ alcohol, the remainder of the technique

associated with the handling of this material was routine. The region
between the auditory bullae was serially sectioned in a sagittal plane at
20|i.

The microscope slides were treated with gelatine in order to prevent

the sections from coming off during the staining process (Appendix 1).
The sections were stained with Harris* hematoxylin and eosin (Appendix 1).
Examination for completeness of hypophysectomy
Serial sagittal sections of the sella turcica were examined micro
scopically to detect remnants of pituitary tissue.
Description of embryo morphology
The number of nuclei in embryos was estimated by counting the nuclei
in each section of the embryo and adding them together.

A nucleus was

omitted from the count where it was obviously a small fragment of the
idiole.

Counted in this manner, the number was an overestimate of the

actual number present since some nuclei were counted twice, but the
method is consistent and offers valid measurements for comparisons of size
of cell populations.
Measurements were made with an ocular micrometer.

Inner cell mass

volume was calculated according to the formulas D^DgD^Tl/^ (Shelden, I968 ),
where Dl, D2 , and D3 represent the principle diameters of the inner cell
mass.

18

Diameter of the embryo chambers was estimated by computing the mean
of the diameters measured in the direction of the long axis of the uterus
and at right angles to it in the same plane.

These two measurements were

taken from the section showing maximum size of the chamber.
Density of ovarian interstitial cells
In order to determine the density (number per unit area) of ovarian
interstitial cells, all nuclei within a rectangle 100 by 5p were counted
under oil immersion.

Sections every l/lO of the distance through the

ovary were chosen at random from the interstitial mass.

Counts from indi

vidual sections were averaged for each experimental group.
Corpus luteum volume
Diameters in the three major axes of corpora lutea were measured
using an ocular micrometer and the calculation of volume was made accord
ing to the formula of Shelden (I968 ).
Statistics
Means were compared using Student's t (Mills, 1955)»

The applicabil

ity of this statistic to these data is discussed in Appendix 1.
Photography
Photographs of microscopic material were made through a Wild M20
photomicrographic outfit.
OBSERVATIONS
The normal anatomy of the hypophysis
The normal anatomical relationships of the weasel hypophysis are
shown in Fig. 6.

In the diagram, orientation is provided by the location

of the pars nervosa which is posterior*

A shelf-like plate of bone, the

dorsum sellae, roofs over the posterior lobe.

The pars tuberalis extends

TABLE 4. SUMMARY OF MEASUREMENTS OF EMBRYOS

Experimental
group

Day emb, Measure
No, horns
Standard Coefficient
No,
embryos removed
Mean deviation of variation
uterus
ment

Hypophysectomized; daily inject
ions of hormone vehicle alone

5

IntactÎ daily injections of
hormone vehicle alone.

6

Hypophysectomized; daily
injections of progesterone.

5

Hypophysectomized; daily pro
gesterone; single injection
estradiol on day 10 ,

3

Hypophysectomized; daily
progesterone; daily estradiol
from day 10 ,

1

Hypophysectomized ; ovariectomized ;
daily progesterone; estradiol for
5 days beginning with day 10—
gradually increasing, then de
creasing dose.

1

1

9

19

14

13

2

5

2

4
1,82
0.09

24
43.4
14,3

16

25. 30

N
V
D

0 , 10 ,
15. 30

N
V
D

13

8

60

2.71

1.33
0.08

49.3
14.2

N
V
D

31
3.55
0.77

10

34
43,4
7.8

N
V
D

77
7.47
0.75

49
4.24
0.14

62
56.8

N
V
D

56
6.59

9

16

2.16

0.62

0.04

32.3
5.8

N
V
D

87
5.97
0.85

21
2.00

24
11.9

0.09

10,6

N
V
D

290

155
12.4
0,04

53
45.3
3.4

10 , 15.

6. 8,
10
11 . 15

25

13

17

N = number of nuclei per embryo, exclusive of trophoblast; units
V = volume of inner cell mass ; cubic millimeters X lO"
D = diameter of embryo chamber ; millimeters

4.20
0.63

0.55

27.4
1.07

1.54
0.06

25.4
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around the proximal oircumference of the long neural stalk.

Refer to

Appendix 1 for information on cytological studies of the pituitary of
MustelÜae.
Pituitary anatomy is similar among the weasel, ferret (Hanstrom,
19^7* Holmes, I960) and mink (Allanson and Parkes, I966 ).
Events following hypophysectomy
Thrombus formation immediately anterior to the venous sinus was a
regular part of healing.

An example is seen in Fig. 37 (median sagittal

sections 5 days post-hypophysectomy). During the early stages of wound
repair, organization of the thrombus took place with fibroblastic infil
tration.

Gelfoam packed into the wound provided a route for fibroblast

invasion prior to fibrosis and new bone formation.

Fig. 3& shows new bone

formation which has resulted in almost complete healing 70 days after
hypophysectomy.

Some degree of adhesion of nervous tissue elements to the

floor of the skull usually occurred.
Remnants of pituitary tissue
Portions of the pars tuberalis and, presumably, a very small portion
of pars distalis at its most anterior attachment were found in sella
turcicae from group E animals.

In groups A, B, and C, the extreme

anterior portion of the sella was inadvertently removed in preparation
for sectioning.

The sella of number 101, a castrate female hypop^secto-

mized in practice for the operation on experimental weasels had a small
pituitary remnant (Fig. 39) • Fig. 40 shows the most complete removal
obtained in this study.. The area encompassed in the photograph is
indicated in Fig. 6 (page I5 ).
Because pituitary glandular tissue lacks regenerative capacity
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(Daniel and Triep, 1966), I presume that the tissue found in the micro
scopic preparations was left behind after hypophysectomy.
Changes in numbers of inner cell mass nuclei
Compared with intact controls, hypophysectoraiaed weasels did not
have significantly altered numbers of inner cell mass nuclei (Table ^5
P<o90)o

In both intact and hypophysectomiaed animals, inner cell mass

nuclei were pyknotic and cytoplasm was vacuolar (Figs, 6 & 7 ).

The

inner cell mass is in the form of a plate of cells a single layer thick
and spheroidal in embryos with more cells.
are in Appendix 2,

Data for individual animals

Mean values for each pair of experimental groups are

compared in Appendix 3,
Inner cell masses from animals receiving progesterone injections
showed significant increases in cell number when compared with those from
intact controls (Table 4; p^.OOl),

Nuclei, cytoplasm, and organization

of inner cell mass were similar in intact weasels and those receiving pro
gesterone,

Only 1 of 14 embryos contained mitoses.

The appropriateness of priming with progesterone prior to the admin
istration of estrogen is suggested by the findings of Psychoyos (I967 ),
In the ovariectomized rat, a minimum of 48 hours of progesterone is
required before exogenous estrogen will cause implantation.
Animals receiving a single injection of estradiol in addition to
daily progesterone showed an increase in number of inner cell mass nuclei,
The increase may not have been significant when compared with the inner
cell masses of animals receiving progesterone only (Table 4; p<,15)®
A good deal of variability was noted,

Cytological characteristics of one

of the three animals receiving a single dose of estradiol are like those
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of intact animals « In the remaining two (A2, B12), the nuclei are some
what enlarged, vesicular, and bear prominent nucleoli (Fig* 9)#
cell masses are uniformly spherical.
the cytoplasm is dense.

The inner

Cell boundaries are indistinct and

Three of 13 embryos from the 3 animals in this

classification showed mitotic figures.
Changes that occurred with the administration of estrogen are con
sistent with what has been observed in other tissues»

Emmens (196?) noted

that an early morphological response of any tissue to the administration
of estrogen is an increase in the proportion of nuclei showing gross
heterogeneity with aggregations of heavily stained material»

The mitogenic

action of estrogen upon uterine and vaginal epithelium of rats and mice
is well known (e.g* Martin and Claringbold, I96O; Martin and Finn, I968 ;
Parkes and Deanesly, I966 )»
The general form, histology, and cell number of the inner cell masses
described above were similar to the observations of Shelden (I968 )»
The effect of continued estrogen administration upon number of inner
cell mass nuclei does not appear to have been significantly different from
that of a single injection (Table
those from weasels AZ and B12»

p^,20)» Inner cell masses resembled

No mitoses were seen in the two embryos

from the animal in this classification (Al)»
Because exogenous hormones may affect ovarian secretion, ovariectomy
was added to the surgical treatment»

Estrogen was given in gradually

increasing, then decreasing dosages (experimental group E)» The number
of inner cell mass nuclei was greater than in intact controls (Table 4;
p<»001)»

Embryos taken after 3 days of estradiol in gradually increasing

dosage are identical in all characteristics to those obtained from animals
on other estrogen regimens » Mitoses were numerous » Fig, 12 shows an embryo
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removed from weasel E32 after 5 days of estradiol in the graduated dosage
described above.

The number of inner cell mass nuclei was significantly

greater than intact controls (Table 4; p<,01).

Morphological character

istics of this embryo are similar to those described in animals receiving
estrogen but are more pronounced, A second embryo obtained at the same
time from E32 resembled the embryos of A2 and B12 after a single dose of
estrogen but was more hyperplastic and of considerably greater volume
(Appendix 2),
Volume of inner cell mass
Inner cell masses from hypophysectomized animals receiving pro
gesterone alone showed a significant increase in volume when compared
with intact controls (Table 4; p^«05)o

Animals receiving estradiol in

all regimens had inner cell masses of volume greater than those receiving
progesterone (Table 4),

The large volume of the inner cell mass shown

in Fig, 12 and that which accompanied it at time of removal represent a
significant increase over volume in controls (Table 4j p^oOOl),

Data

from individual animals are in Appendix 2 and comparisons of mean
values in Appendix 4,
Diameter of embryo chamber
In general, embryo chamber increased in diameter as nuclei became
more numerous and volume greater (Table 4; Appendix 2 g Appendix 5)o
Spacing of embryos
In all experimental animals, the embryos remained clumped together
in a narrow segment of uterus.

This contrasted with even spacing of

embryos in the preimplantation uterus, which occurred prior to the
time of removal of the embryo shown in Figl 11 (spontaneous reactivation)
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Embryos during active gestation
Inner cell masses obtained during the period of active gestation
have a plate=like form, entoderm layer, and increased volume and cell
number (FigSo 10 & 11) o Nuclei numbered about 70 in W121 and about 1000
in number 104«

Other measurements of these embryos are in Appendix 2o

Embryos of some experimental animals are similar in volume and cell num
ber to those of W121 and 104 but have a spherical form and lack entoderm
delamination «
Summary of embryo morphology
^ypophysectomized animals receiving progesterone had embryos with
significant increases in volume and cell number of inner cell mass.

Inner

cell mass nuclear enlargement, increased nucleolar prominence, and dis
persion of chromatin was present in embryos from hypophysectomized, pro
gesterone-treated weasels receiving estradiol in all regimens.

However,

Î

signs of approaching implantation (entoderm delamination and differentia
tion of inner cell mass into a plate of cells) were absent.
In embryos from hypophysectomized animals given no hormone,
moderate increases occurred in cell number (p<.10), inner cell mass vol
ume (p^*02), and embryo chamber diameter (p^.Ol) compared with intact
controls.

Nuclei were pyknotic and cytoplasm vacuolar.

The experimental regimen for E32 resulted in the greatest apparent
reactivation. Following hypophysectomy and ovariectomy, estradiol was
given in gradually increasing, then decreasing doses (Fig. 1).

The

embryo removed 2 days after the last dose of estrogen had about 400 inner
cell mass nuclei compared to a mean of 13 in embryos from intact weasels.
Inner cell mass volume increased more than ten times over controls.
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Embryo chamber diameter was lolOmm compared with a mean of 0«55 in
intact animals 0
Zona pellucida
Morphological alteration of the zona pellucida was not observed as
a result of any of the experimental treatmentso

Unlike the situation in

the rat and mouse, where shedding of the zona takes place prior to
implantation (Noyes, et al.. 1963), the zonae of weasel blastocysts remain
in place during early implantation (Fig, 11) becoming fragmented as
implantation proceeds.

In the guinea pig, cytoplasmic processes have

been observed growing through the zona prior to implantation (Blandau,
1961)0

The zona is absent from mouse blastocysts during lactational

delay (e,g. Orsini and McLaren, 1967)0
Trophoblast
Fig, 18 shows the trophoblast in an embryo from an intact weasel
during the early period of active gestation prior to implantation,

A

marked degree of hyperplasia has taken place (cf. Fig, 14g typical tropho
blast of the delay period).

Two cell layers are present and the cells of

the outer layer appear very active (much enlarged, vesicular nucleus ;
prominent nucleoli, dense cytoplasm), None of the experimental animals
exhibited trophoblast proliferation comparable to this.

In weasel E32,

however, the trophoblast was somewhat hyperplastic and the cells appeared
active (Fig, I6 ), Trophoblast activation of W121 (early active gestation)
was comparable to that of E32 (cf. Figs, 10 & 12),

In contrast, Fig, 9

shows typical inactive trophoblast nuclei separated by large intervals.
The localized proliferations of trophoblast seen in W121 and E32
resemble the trophoblastic "knobs" observed by Boving (I966 ) in the rabbit,
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TABLE 5. SIZE OF OVARIAN INTERSTITIAL CELLS
AS INDICATED BY PROXIMITY OF NUCLEI
Group

No , ovaries
studied

Mean density Standard
deviation
of nuclei

Coeff, of
variation

Intact; daily inject
ions of hormone ve
hicle alone.

10

15.0

2.9

19.6

Active gestation not
experimentally in
duced ; weasel 104

1

13.8

2,3

17.0

Hypophysectomized ;
daily injections of
hormone vehicle alone.

4

25.5

5.1*

20.2

Hypophys ectomized ;
daily progesterone;
estradiol from day 10
in single dose or
daily dose.

8

23.6

4.4

18.5

Active gestation not
experimentally in
duced; weasel 5^

1

25.1

3.6

14.3
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However 9 shrinkage of the weasel embryos away from the lumenal epithelium
made it impossible to determine if there was an endometrial response in
the region of the knobs.

In the earliest stages of implantation (weasel

104)p the trophoblast is more cellular towards the abembryonal pole.

There

are localized areas where the trophoblast cells are gathered into a
flattened knot.

The light microscope reveals an apparent fusion of mater

nal and fetal epithelium in one small portion of the circumference of the
reactivated blastocyst.

In this area, the maternal epithelium is no long

er identifiable as a separate layer.

Cell margins are indefinite.

This

description is consistent with that of Boving, Fragments of much-thinned
zona pellucida remain at the embryonal pole (Fig, 11),
In summary, none of the experimental animals showed activation of
trophoblast compatible with impending implantation although the resem
blance between the trophoblast of E32 (hypophysectomized, ovariectomized,
graduated estrogen) and that of W121 (very early active gestation) is
strong,
Ovarian interstitial cells
Hypophysectomy resulted in marked decrease in interstitial cell
vplume compared with intact weasels (Table 5î Fig, 24),

In both groups

of hypophysectomized weasels, data are pooled from ovaries removed within
the interval of days 10-30,

Histologically, the interstitium fits the

description of Carithers (196?) and Seise, et al,, (1933) of the posthypophysectomy interstitium of the rat.

Peripheral condensation of

chromatin of involuted interstitial cells has prompted the name "wheel
cells,"

The density (number per unit area) of nuclei in hypophysectomized

animals was about the same as in an ovary from weasel 5^ in mid stages of

TABLE 6. VOLUME OF CORPORA LUTE A

Group

No. of
ovaries

No. of
corpora

Mean volume
(mm3 X 10-2)

Standard
Coeff. of
deviation variation

Intact; daily inject
ions of hormone ve
hicle alone.

8

3^

5.6

2.1

37M'

Hypophysectomized;
daily progesterone;
estradiol from day 10
in single dose or
daily dose.

6

20

4.9

1.5

31.6

Hypophysectomized;
daily injections of
hormone vehicle alone.

5

14

4.1

1.0

25.6

Early active gestation
not experimentally
induced

1

5

18.4

1.0

5.5
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active gestation (p^o40). Similarity of nuclear density in the two kinds
of animals indicates similar interstitial cell volume.
There was less involution of interstitial tissue in hypophysecto
mized animals receiving progesterone with or without estradiol (p^.03)
when compared with hypophysectomized group) •
Ovaries were removed from weasel 10^ at the same time as the embryo
shown in Fig* 11*

At this period of early active gestation, the extent

of development of the interstitial tissue is about the same as in intact
animals during the delay period (p^*10)* There were no apparent cyto
logical differences between intact animals and 104 (Figs* 22 & 23)*
In summary, the measurements taken of interstitial cell density
indicate a similar degree of development of the interstitium between
animals during the delay period and those in very early active gestation
(about the time of implantation) * Likewise, a similarity exists between
hypophysectomized animals and those in the middle of active gestation*
Corpora lutea
Hypophysectomy caused a reduction in the volume of corpora lutea
(p(*0 0 3 when compared with intact group) although differences are slight
(Table 6; Figs* 19 and 20)*

In both groups of hypophysectomized weasels,

data are pooled from ovaries removed within the interval of days 10-30 ,
Corpora from the hypophysectomized group show slightly greater fibro
blastic infiltration but the connective tissue layers surrounding them
remain discreet and cell volume is not apparently diminished*

Shumake

and Hisaw (19^7) observed electron microscopic changes in mitochondria
and endoplasmic reticulum in 7 day post-hypophysectomy rat corpora lutea *
Other investigators (e,g, Rowlands and Parkes, 1966g Smith, 1930) report
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that hypophysectoniy lengthens the structural (not functional) lifespan of
rat corpora p whereas involution is rapid following the same procedure in
the mouse0 In sheep and pigs, the lifespan of the corpora in cycling
animals is not greatly shortened by hypophysectoiny (Anderson, et al,, 1967;
DuBuisson and Leglise, 19&3).
In my study of the weasel, no obviously degenerative corpora were
found, although one which was much smaller than others was present in
weasel Al,

The small corpus luteum had a volume of O.OOlmm^ compared

to the mean of 0o0^'9Baa? for other animals in its group.

Very small corpora

lutea were described by Deanesly (1935) in the stoat and were found by
Shelden (1968),
Volume of corpora lutea from hypophysectomized animals receiving
hormones was little different from intact animals (pc,10), This is
consistent with the finding

that estrogens do not affect corpora lutea

of hypophysectomized rats (e,g, Hohlweg, 193^1 Nelson, 1935; Desclin,
19^9 )f although causing stimulation of corpora of intact rats (e,g,

Deanesly, I966 ),
For comparison, a corpus luteum from an animal in early active
gestation is illustrated in Fig, 21 (weasel 10^),

Volume of corpora at

this early stage of active gestation is markedly increased compared

to

the period of delay (Table 6) <
,
Folliculogenes is
Mature follicles and growing follicles similar to the one shown in
Fig, 26 were found in all the ovaries from intact weasels during the delay
period.

In both size and organization, they resembled the follicles found

at estrus.

Growing and mature follicles were found in the ovary of
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weasel 104 (impending implantation) o By the time growth of the embryo
had proceeded to the limb bud stage (weasel 5&), no growing follicles were
foundp but instead, atresia was evident in the form of collapse of follicu
lar antra and disorganization and fibroblastic infiltration of the theca
and granulosa layers.
Hy^physectomy caused degeneration of all except primary follicles
as early as 10 days post-hypophysectomy.
ed in the rat (Young, 1961).

Similar findings have been report"

Lack of apparent effect upon very young

follicles has been reported by Rowlands and Parkes (I966 ) in other animals.
Summary of the effect of hypophysectongr on the ovary
Hypophysectomy caused a decrease in apparent volume of interstitial
tissue and of corpora lutea.

Xn both tissues, the reduction was lessened

by the administration of ovarian hormones (pooled data from all animals
receiving progesterone with or without estradiol).

Folliculogenesis

ceased as it does normally in active gestation prior to the limb bud stage.
Endometrial lining
Histological appearance of the endometrial lining was the same in
intact and 10-30 day post-hypophysectomy weasels which received no hormones
(Figs. 27 & 28).
in position.

Nuclei are somewhat pyknotic and central to sub-apical

The cytoplasm does not stain except for a very thin zone

near the apices of the cells.

This description fits that of the lumenal

epithelium of the ovariectomized weasel that received no exogenous hormone
(Shelden, I968 ).
The dense fringe on the lumenal epithelium of the delay period has
been described or illustrated in the weasel and marten (Wright, 1963),
American badger (Wright, I966 ), mink (Enders and Enders, 1963, Hansson.
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19^7)9 armadillo (Endersp ©t alep 1951), and black bear (Wimsatt, 1963)o
It consists of grannies of mucopolysaccharide (a thin fringe of diastaseresistant PAS-positive materials Enders and Enders, 1963), and aggrega
tions of mitochondria and micro-tubules (Enders, 196?) • Further, the
enzyme alkaline phosphatase has been localized there (Enders and Enders,
1963 s Atkinson and Wright, Unpbl. )o This enzyme has been associated with

striated borders of intestinal epithelium and brush borders of proximal
convoluted tubules of the kidney, both modifications associated with
absorbtive function®

Microvilli similar to those of brush and striated

borders are associated with the lumenal epithelial apices during the delay
period (Enders, 1967)0
In animals receiving progesterone with or without estradiol, the
cytoplasm of the endometrial lining cells differs from that of intact
controls in that there is no longer a dense zone at the apices of the
cells (Fig® 29)0
At the time of impending implantation (weasel 104, Fig® 30)
striking changes take place in the lumenal epithelium®

Hyperplasia is

marked, as in the cat and dog (Wislocki and Dempsey, 1946) ® The cyto
plasm is uniformly dense®

Cell height becomes reduced®

bear prominent nucleoli and are vesicular and enlarged®
earlier, these changes have been attributed to estrogen®

The nuclei
As mentioned
Nothing

approaching this level of activity in the endometrial lining was caused
by the experimental treatments in this study®
Uterine glands
Striking regression of the uterine glands was seen 30 days posthypophysectomy in animals receiving no hormone (cf Figs® 31 & 32)®
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In all hypophysectomized weasels receiving progesterone with or
without estradiol9 an increase in the height of the glandular epithelium
was observed (Fig* 33)» Mitoses were rare, although occasionally could
be found in sections of the uterus of weasel E32 taken on day 17,
About the time of impending implantation, mitotic activity in the
glands becomes very great, especially in the necks, and the nuclei be
come larger, more vesicular, and bear prominent nucleoli.
become distended.

Gland fundi

Exogenous estrogen in the hypophysectomized ferret led

to the development of an endometrium resembling that of estrus except for
the lack of development of basal portions of the glands (Hill and Parkes,
1933), which is a function mainly of progesterone.

None of the weasel endometria showed striking estrogen stimulation.
Progesterone-mediated development of basal portions of the glands resembled
that of the preimplantation uterus and was apparent by day 10,
Giant cell response
Placing cotton threads in the uterus caused the formation of character»
istic giant cells (Fig, 35) by day 10,

The reaction in an intact control

was similar to that in a hypophysectomized animal receiving progesterone
and estradiol (B$2),

Cell formation was localized; most portions of the

uterus that were near the thread showed no response.

The giant cells

were apparently continuous with the endometrial lining.

Cellular enlarge

ment proceeded from the lumen down the neck of the uterine gland (Fig, 35)*
Gland fundi in the area of the giant cell formation were distended,
Shelden (1968) described giant cells occurring at the site of
"classical” ovariectomy (removal of distal portion of uterine horn along
with the ovary) 18 days following surgery.

3^

Giant cell transformation of uterine epithelium is typical of the
carnivore placenta and is illustrated by Amoroso (1952» pl53)o

He calls

the reaction '^symplasma'* formation and suggests that it is a step in the
degeneration of the cells * Amoroso reserves the term "decidualization"
for the proliferation and enlargement of stromal cells that occurs during
formation of the carnivore placenta.
Fig» 36 shows giant cells idiich occur in the placenta of the weasel
when gestation has proceeded to about the limb bud stage (weasel 5^)o
Another prominent feature of the placenta is the distention of the fundi
of uterine glands»
Kinds of ovarian interstitial tissue
There is a marked morphological distinction between two kinds of
interstitial cells within the ovary of a weasel at estrus (Fig» 25) o
There is a population of cells with very finely vesicular cytoplasm
and angular cell margins within a much larger population with very dense
cytoplasm and ovoid margins (Fig» 23)»

Both kinds of cells exhibit nuclear

and cytoplasmic characteristics typical of active cells »
In two experimental weasels (CI8 and Cl9)0 a similar distinction
was present, especially in hilar areas where connective tissue was
abundant»
weasel*

The larger cell strongly resembled those seen in the estrous
Comparisons made on day 0 (ovary removed at time of hypophysec»

tomy) and later days indicated that the responses of the two types to
hypophysectomy were the same»
Two distinct morphological types could not be detected in the
ovaries of other experimental animals »
There are four types of interstitial cells in the spotted skunk
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(Mead, I966 ) and in Geomys (Mossman, 1937)»

Shelden (I968 ) uses Mossman's

descriptive classification to describe interstitial cells of the weasel
ovary.

The distinctions pointed out by these investigators are thought

to represent functional differences in the same general type of cell
(Mead, I966 ) and are based( on cytoplasmic, nuclear, and cell size
differences occuEzing at different times in the reproductive cycle.
Adrenal gland
hypophysectomy results in thinning of the zona fascicalata, and
shrinkage of the individual cells within this zone.

These observations

were made on adrenal glands obtained 20 days post-hypophysectomy from
short-tailed weasels, 1 male and 1 female, which were hypophysectomized
for practice, The findings are consistent with those of Copenhaver (1964)
and Moore (19&3),
A difference in the zona reticularis was observed when the adrenAl
of weasel 103 (gland obtained in winter of I968 ; normal delay period) was
compared with those of 104 and 5 6 , The cells of the reticularis were
considerably larger in 103 than in the animals in active gestation.
The zona reticularis has been associated with the synthesis of
steroid hormones (e,g, Copenhaver, 1964),

Parkes and Deanesly (I966 )

review abundant evidence of sex steroid secretion by the adrenal gland in
several species.
Testis
A male was hypophysectomized and unilaterally orchidectomized.

His

coat was turning brown and the testes had grown considerably during the
preceding two weeks.

Twenty days post-hypophysectomy, the remaining testis

had shrunk so that finding it was difficult.

Microscopic comparison of
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the testicular tissue removed at the time of hypophysectomy with that
removed later showed that spermatogenesis had stopped completely in the
post=hypophysectomy specimen.
the seminiferous tubules.

Only primary spermatocytes remained in

Interstitial cells were involuted.

Tubules

of the epididymis had shrunk in diameter and the lining epithelium de
creased in height.

Spermatozoa were absent from tubules of the testis

and of the epididymis.
In the ferretp complete involution of seminiferous tubules and
epididymis takes place within 30 days of hypophysectomy although primary
spermatocytes remain, along with occasional sertoli cells (Hill and
Parkes, 1933, 1933b).
Early implantation induced by captivity
I have referred to active gestation occurring in weasels 10^ and
36 .

Implantation occurred early in both cases.

Embryos were removed from

104 o n .25 January, I968 , after 38 days in captivity and from 56 on 2?
December, I967 , after 30 days in captivity.
The photoperiod in the rooms in which the animals were housed was
not controlled and was occasionally prolonged.
around 689?.

Temperature remained

Humidity was neither controlled nor recorded.

sisted of ground mice with Purina dietary supplement added.

Diet con
Cages were

not equipped with a nest box.
In both animals, the molt to brown (which normally commences in the
spring) had begun prior to the time of removal of the embryos.
Shelden (I968 ) reported significantly shortened gestation in 5
short-tailed weasels and 2 long-tailed weasels.

Implantation occurred

as early as 28 October (estimate) after as few as 13 days in captivity.
He also observed premature activation of corpora lutea.
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In martens 0 Enders and Pearson (19^3) found that artificially increas
ed length of day caused premature implantation with whelping in December,
instead of April * In the long-tailed weasel » supplemental light in the
winter has reduced gestation from about 300 days to as short as 103 days
(Wright, 19^2)0

In mink, shortened gestation by extra light was first

noted by Hansson (19^7) and has since been corraborated by others, The
normal anestrous ferret experiences premature onset of estrus when exposed
to long days (Donovan, 19^75 Donovan and Harris, 1966)»
DISCUSSION
Species differences in reproductive cycles
The amount of literature concerning reproductive cycles and their
experimental manipulation il^ very great.

The vast majority of study,

however, has been concerned with common laboratory animals, principally
the rat.

If species differences are ignored, it is possible to support

or detract from any hypothesis. The fallacy iznrj^lved is clear.

For

example, implantation in the armadillo can be induced by bilateral ovariec
tomy during the delay period (Buchanan, et al., 1956).

In the ovariectomized,

pregnant hamster, progesterone alone is sufficientj^p cause implantation
(Orsini and Meyer, 1959» 1962) whereas estrogen is a necessary require
ment in addition to progesterone in the ovariectomized rat (Cochrane and
Meyer, 1957)®

In the weasel, none of these procedures induces implantation

(Shelden, I968 ).
The **independence ” of exogenous steroids
In previous research, exogenous estrogen and progesterone were
given to weasels with intact pituitary glands.

In such animals, it can

not be concluded that the result obtained was a consequence of the hormone
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administered 0 G6nadotrophic potency of the pituitary is subject to varia
tion caused by varying levels of ovarian steroids, especially estrogen
(Allanson and Parkes, I966 ; Byrnes and Meyer, 195^1 Fevold, et al.. 1936;
Meyer, et al», 1932)o Consequently, an injection of estrogen in an animal
with an intact pituitary gland may give rise to an additional secretion
because of gonadotrophin release «
Correspondingly, exogenous steroids in hypophysectomized animals
with intact ovaries may elicit additional secretion*

Although the

mechanism of stimulation of rat corpora lutea has been shown to be mediated
by the pituitary (e.g, Desclin, 19^9), rabbit corpora appear to be stimu
lated directly by estrogens (Hammond and Robson, 1951) «•
When exogenous hormones are given, embryo morphology is similar in
weasels with and without pituitary glands.

A difference between the level

of gonadotrophin can be expected in the two kinds of animals and this
suggests that the blastocyst is insensitive to fluctuations of gonado
trophic hormone levels.

In my studies, it is doubtful that significant

corpus luteum secretion occurred as a result of exogenous steroids because
of apparent corpus luteum inactivity, which contrasts strongly with the
appearance of actively secreting corpora lutea.

However, a tendency for

involution to be less marked in hypophysectomized animals receiving hormones
than in those receiving none indicates some stimulation of corpora.
Possibility of CNS damage with hypophysectomy
The principal disturbance of normal anatomy other than removal of
^he pituitary was the presence of adhesion between the brain and the scar
tissue in the area of the hole drilled in the skull.

The reaction of the

brain tissue was superficial and does not seem a likely source of distur
bances in function that might have modified experimental results.
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Completeness of hypophysectomy
Complete follicular atresia in all hypophysectomized animals is a
sound indication of nearly complete pituitary removal.

However, it is

probable that very small portions of the anterior lobe remained (Fig. 40).
In some individuals, the hormonal regimen is such that follicular atresia
could have occurred as a result of exogenous estradiol inhibiting FSH
secretion.

However, the timing of administration, the amount administered,

and the minute size of the remnants seem incompatible with that postulate'. ^
Interpretations of morphological alterations of embryos
% e effect of exogenous ovarian hormones on the blastocysts of the
ovariectomized (Shelden, 19^8) and the hypophysectomized weasel is so
similar that it is difficult to think that there are any significant dif«
ferences in the hormonal milieu between the two types of experimental
animals.

The hypothesis of active inhibition on the part of either the

ovary or the pituitary is not supported.
Clearly, growth of the blastocyst occurred as a result of experimental
treatments. Four reasons why this growth was minimal are postulated :
1) Inappropriate hormone dosage.
2) Inappropriate timing of estrogen administration.
3) Lack of some additional requirement.
4) Active inhibition from some other source.
Could estrogen insufficiency inhibit blastocyst growth?

On the basis

of detection of incorporation of labelled precursor Instilled into the
uterine lumen, Parsad, et aXo (1968) suggest that it could.

Estrogen

given subcutaneously to ovariectomized, progesterone-treated rats stimu
lated D M synthesis In the inner cell mass of the blastocyst earlier than
endometrial synthetic activity.

This Indicates that the rat blastocyst

is directly responsive to estrogen.
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Progesterone inhibition of estrogen action is reported by Martin
and Finn

(1968)0

In their work, the mitogenic action of estradiol on the

epithelial and stromal cells of the endometrium of the ovariectomized mouse
was inhibited by raising the dose of progesterone. The response to a par
ticular dose of estradiol could be completely extinguished by raising the
amount of progesterone given concurrently.

Whereas 0.02|ig of estradiol

alone caused marked stimulation of mitotic activity, a dose 100 times
greater was necessary to elicit a similar response in the presence of Img
progesterone.

In Shelden's studies with ovariectomized weasels, progester

one was administered in a constant dose of 3mg, with estrone being given
in doses varying from 0«004pg to 4«5)igo

In my studies of hypophysectomized

weasels, progesterone was kept constant at 2mg and estradiol given in
doses of either 0.10 or 0 .05)ig (estradiol has been shown to be 10 times
more active than estrone in causing increased uterine weight in immature
mice and in spayed rats (e.g. White, Handler, and Smith, 1964)).

The doses

of progesterone given weasels would have strongly inhibited estrogen action
in the mouse. Therefore, the possibility that progesterone inhibited the
action of estrogen on weasel blastocysts should be considered.
It is well known that hormonal regimens like those used in the experi=
ments on weasels are sufficient to cause implantation in hypophysectomized
or ovariectomized progesterone-treated rats (Cochrane and Meyer, 1957)o
However, it would be desirable to investigate delayed implantation in
hypophysectomized, ovariectomized weasels using a lower progesterone dosage.
Concerning postulate 2, I have found no evidence that a period of treatment
with progesterone followed by estradiol is an inappropriate sequence for
implantation.

The most active of the embryos recovered by Shelden in his
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studies resulted from treatment in this manner.

In the ovariectomized rat,

a minimum of 48 hours of progesterone treatment is required to permit in
duction of implantation with estradiol (Psychoyos, 1967).

In lactational

delay in mice, evidence indicates that the hormonal environment is domin
ated by progesterone (McLaren, 1968).

In ovariectomized or hypophysecto

mized rats, progesterone maintains embryos in a viable state, implantation
being induced by subsequent estrogen

(Cochrane and Meyer, 1957).

There is little evidence either for or against postulate 3» which
states that an additional requirement was necessary for implantation « The
marked growth that took place in the embiyos of weasel E32 did not resemble
that of embryos activated by "natural" (influenced by captivity) means.
This could indicate that the conditions of the experiment stimulated growth
but that the hyperplasia lacked some organizing factor.

In the studies

of hypophysectomized rodents, the response to hormonal injections has been
implantation but there have been neither descriptions of the course of
growth that follows nor of the implanted embryos themselves.

The postulate

of the need for an extra-gonadal factor in early embryonic growth is con
sistent with the findings of Krishnan and Daniel (1967)» who report the
transient presence of a macromolecular component of rabbit uterine fluids
just prior to implantation.
Additional speculation about the possibility of an extra-gonadal
factor needed for normal early embryonic growth is made for two reasons 8
a) environmental factors modify secretion in both pituitary and pineal
glands ; b) premature Implantation occurs in weasels under altered environ
mental conditions.

In the case of the pineal, Reiter (I967 ) reports that

gonadal atrophy in the light-deprived or blinded hamster is prevented by
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pinealectoiqyo

The mechanism by which the pineal exerts its influence is

unknown 9 although the fact that dark-induced gonadal atrophy can be reversed
by the administration of gonadotrophins suggests pituitary mediation
(Reiter, 1968)0

Exposure to cold causes gonadal involution in the hamster

but the change is present in both pinealectomized and intact animals
(Reiter, I968 ), indicating that the pineal is not involved*

In the case

of the pituitary, Piacsek and Meites (196?) found that artificially increased
photoperiod stimulated ovarian follicles in the rat*

The stimulus was pre

vented by hypophysectoiqy but permitted if the pituitaries were transplanted
subcutaneously in the hypophysectomized animals « In the ferret, onset of
estrus can be accelerated by lengthening photoperiod (Donovan and Harris,
1956)0

The presence of growing and mature follicles in the weasel during
the cold, light-scarce winter months is not consistent with the relation
ships just described, since the modifications in rodents and ferrets
Involve the stimulation of follicles (already active in the weasel).

How

ever i the evidence supports the idea that it is possible for conditions
of supplemental light to give rise to extragonadal hormone release.

It is

reasonable to assume that trophic hormones other than those directed at
ovarian follicles could be involved.

Further, it seems reasonable that

these hormones may play a role in the early differentiation of the blasto
cyst,

Growth hormone in the hypophysectomized pig does not maintain

corpora lutea or follicles but causes significant hyperplasia of the
endometrium (Anderson, et al,, 196?), suggesting a role for this hormone
in differentiation.

In summary, the experimental results on the weasel

suggested that an additional factor for differentiation of the embryo was
necessary.
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Finally, postulate 4 concerning the possibility of active inhibition
by a source other than the pituitary or ovary needs to be consideredo

The

preceding discussion of pineal function suggests the possibility that this
organ may be the source of some inhibitor*

For example, the enzyme

hydroxyindole-O-methyl transferase concerned with melatonin synthesis in
the pineal is found in greater concentrations after exposure of the intact
animal (rat) to darkness (see brief review by Wurtman, et al*. 1967)0
jLLthough a direct inhibitory action on ovary, uterus, or embryo by mela
tonin has not been shown, this possibility cannot be discounted*

Differences

in the zona reticularis of the adrenal between weasels with active embryos
and those in delay causes speculation that the adrenals may contribute an
inhibitory factor.
Of the four postulates, the first and third are most likely*

That

is, growth of embryos was minimal because 1) hormone dosage was inappro
priate, 2) an additional factor was necessary, or 3) both were involved*
The embryo of weasel number E32 showed nuclear and cytoplasmic
characteristics of reactivation (Fig* 12).

Three differences from the

regimen of other experimental weasels were presents a) E32 was studied
later than the other animals (mid winter vs. late fall) $ b) ovariectomy
was done in addition to hypophysectomy ; c) estrogen was administered in
gradually increasing, then decreasing dosage * Implantation was not impend
ing when the experiment was started because the ovaries removed at the
time of hypophysectoiqy contained corpora lutea typical of those found
during the delay period.

The increased activation observed in this animal

may have resulted from a seasonal predisposition toward implantation, the
nature of which is entirely speculative, or the alteration in hormone
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regimen may have been appropriate for stimulation of the quiescent
blastocysts *
An embryo of strikingly similar morphology was obtained ty Shelden
(1968)0

In both Shelden*s and my studies, reactivation of blastocysts

occurred during experiments done in the winter « Both embryos were removed
about 15 days following the beginning of the experimental period.

Hormone

administration regimens were not the same in the two experiments but the
level of dosage was comparable*

It is tempting to attach significance to

the fact that unilateral hysterectomy was done a few days prior to the
removal of the activated blastocysts. Blastocysts from the uterine horn
removed at the earlier time in both esqperiments were not significantly
different from those in other experimental weasels receiving estrogen
and progesterone * Some of the most active embryos in my study were obtain
ed from animals previously hysterectomized on one sidop raising the
question of the effect of tissue damage#

However, active embryos were

also found in animals that had not been previously hysterectomized #
Inactive embryos were obtained from animals with previous l^terectomy#
Meyer and Cochrane (I962 ) found that uterine trauma in the ovariectomized,
progesterone-treated rat did not stimulate implantation whereas subsequent
administration of estrogen did#
In aiy event, the inner cell mass of E32 lacked normal organization,
although possessing more cells tl%an an embryo in very early stages of
reactivation (W121).
Spacing of embryos
There is agreement that uterine muscular activity leads to spacing
of embryos prior to implantation# Miarkee (19^) observed the spacing of

^5

foreign objects (celloidin balls, glass beads) in the uterus of the rabbit
during the period between estrus and the 5th day post-ovulation and des
cribed 3 different kinds of uterine contractions that accompanied spacing.
Boving (1959) suggested that final positioning resulted when the swollen
blastocyst finally reached a size that caused atonia of the immediately
surrounding myometrium.
The lack of spacing of embryos in the experimental weasels is consis
tent with the postulate that hormone dosage was inappropriate.

The theory

that a high progesterone level in proportion to estrogen inhibits uterine
contraction is well known and is thought to prevent the sustained con
traction associated with the labor of childbirth (Moore, 1963 ).
Ovary
Normal and post-hypophysectomy ovaries provide clues as to the hor
monal environment of the delay period.

Post-hypophysectomy follicular

atresia suggests the presence of significant levels of a folliclestimulating hormone in the normal ovary of delay.

Large and growing folli

cles in the delay ovary suggest that estrogen is present.

The pituitary

deficiency of the delay period can be attributed to the gonadotrophin that
stimulates corpora lutea.

This is supported by the fact that the corpora

are involuted during delay and that further involution following hypophysectomy is very slow in relation to the rate of follicular atresia.
Involuted corpora and little pregnandiol excretion (Ruffie, ^

, 19&1)

are indicative of low levels of progesterone.
In the weasel, neither follicles nor interstitium can be significant
in causing delay of implantation since their prominence is not diminished
in early stages of implantation.

Because both follicles and interstitium
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are involuted by the time embryos reach the limb bud stage, their state
of activity must be parallel.

This is circumstantial evidence that the

two tissues are maintained by the same gonadotrophin, secretion of which
is inhibited by rising levels of hormones of the corpus luteum and placenta.
Corpus luteum reactivation is the only morphological alteration of
the pre-implantation weasel ovary.

This suggests that delay of implanta

tion is due to a specific deficiencey of luteotrophin.
Endometrium
Hyperemia, hyperplasia, edema, and leucocytic infiltration of the
uterus in early implantation suggest the action of estrogens,

Hansson (194?)

noted vaginal comification (estrogen-mediated) prior to implantation in
the mink.

The fact that endometria of experimental weasels showed no

estrogenic influence is evidence that the dosage of exqgenous hormones was
inappropriate,
The endometrium of the weasel during the delay period could produce
some luteolytic secretion as in the pig (Schomberg, 196?),

However, the

pyknotic nuclei and vacuolated cytoplasm of the lumenal epithelium and
the lack of development of the uterine glands suggest inactivity.
The uterine glands are markedly affected by hypophysectomy, indi
cating that there is some hormonal support of the uterus during delay.
As reported by Enders and Enders (1963), alkaline phosphatase
increases in the glands and lumenal epithelium prior to implantation in
the mink,

Finn and Hinchliffe (1964) suggest that this enzyme is impor

tant in differentiating tissues of the chicko

Alkaline phosphatase has

also been linked with turnover of DNA, protein biosynthesis, and other
active processes in cells.
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Uterine tramnatigation
Although the response to thread traumatization of the weasel uterus
cannot be compared to decidualization in the rodent, it is significant
for two reasons 8 a) The change is marked , although limited and localized g
b) Identical cells are found in the placenta of the weasel*

Morphologi

cally and physiologically, there is no reason to compare the response of
weasel uteri to decidualization in rodents *
The presence of the giant cells in traumatized weasel uteri must be
attributed to the thread or to tissue damage caused by insertion of the
thread*

Since the threads were autoclaved prior to use and kept sterile

until they were placed, it is unlikely that hormonal contamination could
have accounted for the result*

The only events that could have triggered

the response are physical irritation or the release of some chemical medi
ator because of tissue damage*

The response was marked even under presum

ably minimal levels of ovarian hormones *
In weasel 104 (very early implantation) contact with the endometrial
lining and apparent fusion of maternal and fetal tissues is present*
Under the light microscope, the observed response of lumenal epithelial
cells is not giant cell transformation although nuclei are enlarged and
cell boundaries indefinite*

The stimulus for giant cell transformation

which is evidenced in the placenta of the weasel may be tissue damage that
occurs as a result of trophoblastic invasion of the endometrium * Evidence
indicates* that the response is not dependent upon some change in the
ovarian hormonal milieu*
Kinds of interstitial cells
The irregular presence of more than one interstitial cell morpho
logical type in the weasel ovary suggests that this aspect is not
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important in the phenomenon of delayed implantation. Small nests of cells
different in appearance from other interstitial cells can be found in
weasels with thin ovarian cortices and, consequently, abundant hilar con
nective tissue.

Possibly, what appears to be a cell type separate from

the cortical interstitial cells is a mechanical manifestation and is due
to less crowding in the loose hilar tissue.
The presence of two interstitial cell morphological types during
estrus may be a reflection of separate origin.

Histochemical study of

the immature rat ovary indicated origin from theca interna and granulosa
of ovarian follicles (Rennels, 1951)#
Early implantation induced by captivity
Although environmental alterations taking place as a result of cap
tivity include diet, activity, temperature, stress, and other factors,
it is probable that early implantation was observed as a consequence of
lengthened period of daily illumination. The support for this hypothesis
is given in the discussion of morphological changes of the embryo.
CONCLUSIONS
These studies have not supported the hypothesis that pituitary
hormones arrest embryo growth in mustelids, causing a delay in implan
tation.

Although evidence against the hypothesis is not complete, I

favor the following alternative hypotheses 8
a)

Arrested embryo growth is the result of a simple deficiency of
ovarian hormones in the proper amounts and proportions.

b)

Pituitary deficiency causes that of the ovary.

c)

Labile environmental influences (photoperiod, temperature)
cause the pituitary deficiency.

49
The negative findings of this study and evidence of low levels of
progesterone and estrogen during delay support hypothesis a)»

Pituitary

cell degranulation and swelling prior to implantation, more consistent
with the replacement of a deficient hormone than with the withdrawal of
onep support hypothesis b)*

The finding that environment influences

pituitary potency supports hypothesis c),
SUGGESTIONS FOR FURTHER STUDY
A prerequisite for future studies of the reproductive cycles of
weasels is the establishment of a colony of captive animals.
been done previously by Wright (1948),

This has

Photoperiod must be controlled.

Problems of disease* acclimatization* shipping* unknown age and repro
ductive history* etc, would be avoided,

I find that long-tailed weasels

are much hardier and more adaptable than short-tails.
Smaller doses of progesterone should be tried in weasels hypophysectomized and ovariectomized during the delay period,

A way to determine

physiological dosage might be to give progesterone to castrates in
successively increasing amounts until uterine gland fundi respond.
Estradiol dosage might also be increased until the progesterone-treated
endometrium reveals a mitogenic response within a few hours of estradiol
injection.

Few animals would be needed for this preliminary work because

smalij^ portions of uterus could be excised and studied.
The pineal gland may have a role in delayed implantation,

Pineal-

ectomized and intact animals could be subjected to artificially lengthened
days during the delay period,

A difference in the state of the embryos

from the two kinds of animals would suggest pineal involvement.

Similar

investigations of adrenal endocrine function would be permitted if a
suitable replacement fluid for adrenalectomized weasels could be found (App, 1)
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SUMMARY

Anatomical relationships of the pituitary gland were described from
serial sections of the decalcified skull base and adjacent tissue*
The inability of exogenous ovarian hormones to induce implantation
was not changed in weasels hypophysectomised during delayed implantation *
Significant growth of the inner cell mass occurred in animals receiving
progesterone injections * Embryos of the same chronological age in intact
controls did not show this growth*

A 50-fold increase in the number of

inner cell mass cells was observed in a hypophysectomized, ovariectomized
weasel that received estrogen in gradually increasing, then decreasing
dose*
The reproductive tract was removed from a weasel in very early stages
of spontaneously reactivated gestation*

The embryos, uterus, and ovaries

provided a valuable basis for comparison with those from experimental
animals*
There was no evidence that estradiol influenced the uteri of weasels
receiving progesterone*

This may have been because the progesterone dose

was too large in relation to that of estradiol*
Ovarian interstitial tissue and corpora lutea are influenced by
pituitary hormone secreted during the delay period*
Thread traumatization of the uterus during delay resulted in the
formation of characteristic giant cells*
Implantation occurred early in 2 short-tailed weasels that had been
kept captive for 30 and 38 days*
hypophysectomy resulted in involutional changes in testicular and
adrenal tissue *

LITERATURE CITED

51

AUanson, M. and A.S. Parkes. I966 , Cytological and functional reactions
of the hypophysis to gonadal hormones, p 147-300, In Marshall's
Physiology of Reproduction. A.S. Parkes(ed). 3d ed vol III, Longman's.
Green, N.Y,
Amoroso, E,C. 1952. Placentation, pp 127-311. jto Marshall's Physiology of
Reproduction, 3i ed vol II, Longman's. Green, N,Y,
Anderson. 1,L., ^yck. G.W,, Mori. H.. Henricks. D,M.. and R,M, Melampy,
1967 . Ovarian function in pigs following hypophyseal stalk transection
or hypophysectomy. Amer, J, Physiol. 2121 1188-1194 ,
Arey. Leslie B. 1954. Developmental Anatomy.
Philadelphia• 680pp.
Atkinson. W.B. and P.L. Wright.
weasel uterus.

Unpubl.

6th ed.

W.B. Saunders.

Histochemical studies of the

Baevskii. Yu. B, I963 . Changes in the anterior lobe of the hypophysis.
corpora lutea of pregnancy, and the thyroid in the mink(Mustela vison)
associated with implantation of embryos. Doklady Akademii Nauk USSR
1578 1493-1495.
Bissonnette. T.H. 1935# Relations of hair cycles in ferrets to changes
in the anterior hypophysis and to light cycles. Anat, Rec. 63* 159-168,
Blandau. R.J. I96 I. Biology of eggs and implantation, p 797-882, In
Sex and Internal Secretions. 3d ed vol II. Williams and Wilkins.
Baltimore.
Boving. B.G,

1959#

Implantation.

Ann. N.Y. Acad. Sci, 75* 700-725.

_______________ 1966 , Some hormonal aspects of trophoblast penetration
of tne uterine epithelium of the rabbit, p 72-82. ^ Egg Implantation.
Ciba Found. Study Group 23. G. Wolstenholme and M. 0'Connor(eds).
Little. Brown. Boston.
Buchanan, G.D.. Enders. A.C., and R.V. Talmage. 1956. Implantation in
armadillos ovariectomized during the period of delayed implantation.
J. Endocrin. 14g 121-128.
Byrnes. W.W, and R.K. Meyer. 1951. The inhibition of gonadotrophic hormone
secretion by physiological doses of estrogen. Endocrin. 48g 133-136.

_

Canivenc. R, I96O. The hypophyseal modifications in the case of the
female badger(Meles meles L.) in the course of the annual cycle.
C.R, Acad. Sci. 250g 6O6 -6O8 .
and M. Bonnin-Laffargue. 1956. Presence de biastocystes libres
intra uterine au cours de la lactation chez la Balireau européen
(Meles meles). C.R, Soc. Biol.. Paris. 15O 1 1193-1196.

52

Canivenc p R* and M« Bonnin-Laffargue. 1963 o Inventory of problems raised
by the delayed ovo-implantation in the European badger (Meles meles).
p 115-128* ^ Delayed Implantation * A*C* Enders(ed), Univ. Chicago
Press* Chicago*
o Short p RoV»p and M. Bonnin-Laffargue. 1966. Etude histologique
et biochimique de corps jaune du Blaireau européen(Meles meles L*).
Ann. Endocrin op Paris p 271 401-414.
Cochrane p R.L. and R.K* Meyer. 1957o Delayed nidation in the rat induced
by progesterone. Proc. Soc. Exp. Biol. Med, 96a 155-159,
Copenhaver, W.M. 1964* Bailey's Textbook of Histology.
and Wilkins. Baltimore. 679pp.

13th ed, Williams

Danielp P.M. and C.S. Triep. 1966. The regenerative capacity of pars
distalis of the pituitary gland, p 535-544. In The Pituitary Gland.
G.W. Harris and B.T. Donovan(eds). vol II. Univ. Calif. Press.
Berkeley.
Davisp A.Eo and T.D. Bolin. 1969,
Natural History
5^55,

Milk intolerance in Southeast Asia.

Deanesly, R. 1935, The reproductive processes of certain mammals. Part
H a Growth and reproduction in the stoat(Mustela erminea). Phil. Trans.
Roy. Soc, Lond. B225s 459-492.
. 1966 . The endocrinology of pregnancy and foetal life, p 891=
to Marshall's Physiology of Reproduction. 3d ed vol HI,
A.S. Parkes (ed). Longmans p Green. N.Y.

______

1063 .

__________ 0 1967 , The role of the fertilized eggs reactions of the guineapig uterus at ovo-implantation and after thread traumatization* J.
Reprodo Fert. 148 243-248.
DeFeOg V.J, 1963, Temporal aspects of uterine sensitivity in the pseudo
pregnant or pregnant rat. Endocrin* 72s 305-316.
Dempsey. E.W. 1939, The reproductive cycle of New World monkeys.
J, Anat. 64: 381-405.

Amer*

Des d i n p L. 1949, Action des oestrogenes sur l'ovaire chez le rat normal
et hypophysectomisé, o C.R. Soc. Biol.. Paris p 1438 1004.
Donovan p B.T. 1967, Light and the control of the oestrous cycle in the
ferret. J. Endocrin, 39* 105-113®
and G.W* Harris. 1956. The effect of pituitary stalk section
on light-induced oestrus in the ferret. J. Physiol, 131* 102-114,
________ and
* 1966 , Neurohumoral mechanisms in reproduction,
P 3OI-378 . to Marshall's Physiology of Reproduction* 3d ed vol III,
A,S. Parkes(ed). Longman's. Green* N.Y.

53

DuBuissonp F* duM« and P*C, Leglise* 1963. Effet de 1*hypophysectomie
STir les corps jaunes de la truie® résultats préliminaires® C®R®
Acad® Sci®, Paris, 257s 261=263.
Emmens, C.VT® I967 . The action of estrogens® p 213-255. ^ Advances in
Reproductive Physiology® vol II® A® McLaren(ed)® Logos Press® London,
Enders, A®C®(ed}® 1963»
Chicago o 31 8pp »

Delayed Implantation.

Univ. Chicago Press®

1967 » The uterus in delayed implantation, p 151-190 <
In Cellular Biology of the Uterus. R.M. V^ynn(ed). Appleton-CenturyCrofts. N.Y®

n Buchanan, G.D®, and R.V® Talmage® 1958. Histological and
histochemical observations on the armadillo uterus during the delayed
and post-implantation periods. Anat. Rec. 639-657.
Enders, R.K® 1952. Reproduction in the mink (Mustela vison).
Philos. Soc. 968691-755 .

Proc. Amer®

and A.C® Enders® 1963. Morphology of the female reproductive
tract during delayed implantation in the mink® p 129-139. ^ Delayed
Implantation. A.C. Enders(ed). Univ. Chicago Press. Chicago.
______ and O.P. Pearson. 19^3. Shortening gestation by inducing
early implantation with increased light in the marten® Amer. Fur
Breeder 15» 18®
Fevold, H®L®, Hisaw, F®L®, and R.O. Greep. 1936® Effect of oestrin on the
activity of the anterior pituitary. Amer® J. Physiol. 114@ 508.
Finn, C.A® and J.R. Hinchliffe. 1964. Reaction of the mouse uterus during
implantation and deciduoma formation as demonstrated by changes in
the distribution of alkaline phosphatase. J. Reprod. Fert. 8a 331-338<
Guraya, S.S. and G.S. Greenwald. 1964. A comparative histochemical study
of interstitial tissue and follicular atresia in the mammalian ovary.
Anat® Rec. 149« 411=434.
a 1965 » A histochemical study of the ham
and______
ster ovary® Am. J. Anat. Il6a 257-268,
Hammond, J® Jun. and J«M. Robson. 1951» Local maintenance of the rabbit
corpus luteum with oestrogen. Endocrin® 498 384-389.
Hansson, A. 1947. The physiology of reproduction in mink (Mustela vison)
with special reference to delayed implantation® Acta Zool.(Stockholm)
2 8 * 1-136 ®
Hanstrom, B® 1947» A comparative study of the hypophysis in the polar
bear and some Swedish carnivora® K, svenska Vetensk. akad® Handl,
24* 1-46®

5^

HiXlp Margaret and AoS« Parkes. 1933. Studies on the hypophysectomi^ed
ferret0 Proc* Royo Soc, Lond, BllZa 138-158,
ferret,

and _________o 1933b, Studies on the hypophysectomiz ed
Proc, Roy, Soc, Lond, B113* 530-5^-

Hohlwegp W, 193^® Veranderungen des hypophysen vorderlappens und des
ovariums nach behandlung mit gros sen dosen von follikelhormon,
Klin, Wchnschr, 13« 92-95.
Holmesp R«L, 19^0,
208 48-55.

The pituitary gland of the female ferret,

J, Endocrin,

Horamap Sota, 19^7• Influence of Adrenocoticotrophic hormone(ACTH) on
ovum-implantation induced by estradiol and progesterone in ovariectom
ized rats, Nat, Inst, Anlm, Health Quart, (Tokyo) ?8 107-111.
Humason, Gretchen L, 1967.
San Francisco, 569pp.

Animal Tissue Techniques, 2d ed, W«H, Freeman,

Humphrey, K,W, 1967. Attempted induction of implantation in ovariectomized
mice with oestradiol and mast cell factors, J, Reprod, Fert, 14g
493-496,
Krishnan, R.S, and J,C, Daniel Jun, , I967 . *'Blastokinin„” Inducer and
regulator of blastocyst development in the rabbit uterus, Science
1588 490-492,
McLaren, A, I968 , A study of blastocysts during delay and subsequent
implantation in lactating mice, J, Endo, 42 g 453-463,
Markee, J,E, 1944, Intrauterine distribution of ova in the rabbit,
Rec, 888 329-336 ,

Anat,

Martin, L, and P,J, Claringbold, I96O, The mitogenic action of oestrogens
in the vaginal epithelium of the ovariectomized mouse, J, Endocrin,
208 173-186,
_________ and C.A, Finn, I968 , Hormonal regulation of cell division in
epithelial and connective tissues of the mouse uterus, J, Endocrin,
418 363-371 .
Mead, R,A, I966 , Reproduction in the spotted skunk(Spilogale putorius).
Doctoral Thesis, Univ. of Montana, Missoula, 119p.
Meyer, R,K« and R,L, Cochrane, 1962, Effect of induced deciduomata on
ovonidation in progesterone-treated ovariectomized rats, J, Repro,
Fert, 48 67-79.
, Leonard, S,L, Hisaw, F,L,, and S,J, Martin, 1932, The
influence of oestrin on the gonad-stimulating complex of the anterior
pituitary of castrated male and female rats, Endocrin, 655-665 ,

55

Mills p FoCo 1955e Statistical Methods,
Winston. N.Y. 84-2ppo

3d ed*

Holt, Rinehart, and

Moore, W.W, I963 . The adrenal cortex, p 679-692 . ^
E.Eo Selkurt(ed). Little, Brown. Boston.

Physiology.

Mossman, H.W. 1937o The thecal gland and its relation tothereproductive
cycle. A study of the cyclic changes in the ovary ofthe pocket gopher,
Geoinys bursarius(Shaw). Amer, J, Anat, 6ls 289-319e
Nelson, E.O, 1935o Gonad hormone effects in normal, spayed and hypophy
sectomized rats, Anat. Rec. 64 supplg 52.
Noyes, R.W., Dickmann, Z., Doyle, L.L., and A.H. Gates.I963 .
Ovum
transfers, synchronous and asynchronous, in the study of implantation,
pp 197-209. ^ Delayed Implantation. A.C. Enders (ed), Univ. Chicago
Press o Chicago «
Nutting, E.Fo and R.K. Meyer, 1964. Effect of oestrone on the delay of
nidation, implantation and foetal survival in ovariectomized rats,
J. Endocrin* 29* 235-242.
Orsini, M.W. and A. McLaren. I967 . Loss of the zona pellucida in mice,
and the effect of tubal ligation and ovariectomy. J, Reprod. Fert.
128 391-394.
and R.K. Meyer. 1959* Implantation of the castrate hamster
in the absence of exogenous estrogen. Anat. Rec. 134* 619-620
and _______
.1962, Effect of varying doses of progesterone
on implantation in the ovariectomized hamster. Proc. Soc. Exp. Biol,
Med. 1108 713-715 .
Piacsek, Bela E, and Joseph Meites. I967 . Stimulation by light of gonado
trophin release from transplanted pituitaries of hypophysectomized
rats. Neuroendocrinology 2* 129-137.
Prasad, M.R.N., Dass, C.M.S., and S. Mohla. I968 . Action of oestrogen
on the blastocyst and uterus in delayed implantation— an auto
radiographic study, J, Reprod. Fert. 16g 97-104.
Psychoyos, A. I967 * The hormonal interplay controlling egg implantation
in the rat. p 257-277. Jn Advances in Reproductive Physiology,
vol II. A, McLaren(ed). Logos Press. London.
Purves, Herbert D. I96 I, Morphology of the hypophysis related to its
function, p 161-239. £1 Sex and Internal Secretions. 3d ed vol I.
W.C. Young (ed). Williams and Wilkins, Baltimore.
Reiter, R.J. 1967. Failure of the pineal gland to prevent gonadotrophininduced ovarian stimulation in blinded hamsters. J. Endocrin. 38*
199-200.

56

Reiterp R,J, I9680 Changes in the reproductive organs of cold-exposed
and light-deprived female hamsters(Mesocricetus auratus)0 J*
Reprodo Fert, 16j 217-222,
Rennelsp E,G, 1951 « Influence of hormones on the histochemistry of
ovarian interstitial tissue in the Immature rat, jhner, J, Anat,
888 63 -IO80
Rowlands, I,W, and AoS, Parkes, 1966, Hypophysectomy and the gonadotrophins
p 26-146, ^ Marshall's Physiology of Reproduction, A,S, Parkes (ed),
vol III, Longmansp Green, N,Y,
Ruffie p A, p Bonnin-Laffargue, M,p and R, Canivenc, I96I, Les taux du
pregnandiol urinaire au cours de la grossesse chez le Blaireau
européen Meles meles, C,R, Soc, Biol,p Paris, 155» 759-761,
Schomberg p D,W, 1967» A demonstration in vitro of luteolytic activity
in pig uterine flushings, J, Endocrin, 38s 359-360,
Shelden, R,M, I968 , Reproduction in weasels(Mustela erminea and Mustela
frenata), Some aspects of ovariectomy and of ovarian steroid replace
ment, Doctoral Thesis, University of Montana, Missoula, 172pp,
Shelesnyakp M,C, and P,F, Kraicer, 1963»
p 265-274 ,
Delayed Implantation,
Press, Chicago,

The role of estrogen in nidation,
A,C, Enders(ed), Univ, Chicago

Shumake, J,M, and F,L, Hisaw, I967 * The effects of hypophysectomy on
luteal ultrastructure in the albino rat, Anat, Rec, 157s 389(abs),
Smith, D,M, I968 , The effect on implantation of treating cultured mouse
blastocysts with oestrogen ^ vitro and the uptake of (3h) oestradiol
by blastocysts, J, Endocrin, 41 a 17=29»
Steinbergp M,, Tolksdorf, S,, and A,5, Gordon0 1967, Relation of the
adrenal and pituitary to the hypocholesterolemic effect of estrogen
in rats, Endocrin, 81 g 340-344,
White, A, p Handler, P,, and E,L, Smith, 1964,
3d ed, McGraw-Hill, N,Y, 1106pp.

Principles of Biochemistry,

Wimsattp W,A, I963 * Delaved implantation in the Ursidae with particular
reference to the black bear(Ursus americanus), p 49-74, ^ Delayed
Implantation, A,C« Enders(ed)« Univ, Chicago Press, Chicago,
Wislockip G,B, and E,W, Dempsey, 1946, Histochemical reactions in the
placenta of the cat. Amer, J, Anat, 78a 1-45*
Wrightp P.L. 1948 , Breeding habits of captive long-tailed weasels(Mustela
frenata), Am, Mid, Nat, 39* 338=344,

57

Wright0 PoLo 19630 Variations in reproductive cycles in North American
mustelids 0 p 77-95*
Delayed Implantation, A.C. Enders (ed) *
Univo Chicago Press* Chicagoo
19660 Observations on the reproductive cycle of the American
badger(Taxidea taxus)o p 27-^5* In Comparative Biology of Reproduce
tion in Mammalso I.W* Rowlands(edTT Acad* Press. N.Y.

Wurtman* R.J., Axelrod, J., Chu, E.W., Heller,
and R.Y. Moore. 1967*
Medial forebrain bundle lesions 8 blockade àè effects of light on
rat gonads and pineal. Endocrin. 818 509-51^*
Young, W.C. 1961 o The mammalian ovary, p 449-496. ^ Sex and Internal
Secretions. 3d ed vol I» W.C. Young (ed). Williams and Wilkins.
Baltimore »

HIiüSTElATIONS
(Figures 7-^2)

58

FIGURES 7-12

Fig. 7o

Inner cell màsso Thirty days post-hypophysectomy.
number 020, 250%.

Fig, 8»

Inner cell mass.

Fig. 9*

Inner cell mass. Day 11, Hypophysectomized; daily progesterone ;
single dose estradiol on day 10, Weasel B12, 250%.

Intact control.

Weasel

Day 15* Weasel Dl6,

250%,

Fig, 10, Embryo, W121, Active gestation not experimentally induced.
Twenty-seven days pre-parturient. Single layer of entodermal
cells is present (E), 250%.
Fig. 11, Embryo of unknown age (but probably within a few hours of that
shown in Fig, 10), Intact weasel. Active gestation not experi
mentally induced. Entoderm (E); mitoses (M); zona pellucida
(ZP), 250%,
Fig, 12, Inner cell mass. Day 17, Hypophysectomized; ovariectomized ;
daily progesterone; five days of estradiol in graduated dose
beginning with day 10, Mitoses (M); isolation of layer of
smaller cells (L), Weasel E32, 250%,
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FIGURES 13-18

Figo 13 0 Inner cell masso Day 1, Intact weasel (embryo taken at time
of hypophysectomy), Note pyknotic nucleio Weasel C19, 1100X»
Fig. 14.

Trophoblast (T) and zona pellucida (ZP) of embryo in Fig. 13.
IIOOX.

Fig, 15 . Inner cell mass. Higher powered view of same embryo shown in
Fig. 12, Note prominent nucleoli, vesicular nuclei. Mitosis
(M), llOOX,
Fig. 16 . Trophoblast of embryo shown in Fig. 15. Nuclei are more vesicu
lar and have more prominent nucleoli than the nucleus of the
trophoblast in Fig, 13. IIOOX,
Fig. 17 . Higher powered view of embryo shown in Fig. 10.
with Fig. 15 . IIOOX.
Fig, 18.

Compare nuclei

Trophoblast of embryo taken at smne time from weasel 104 as
the embryo of Fig. 11. Btjr this time, the trophoblast is twolayered, Hyperplasia accompaz%ring reactivation of the embryo
has been marked. IIOOX.
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FIGURES 19-24

Figo

19o Corpus luteum0 Delay stageo Day 1* Intact weasel (ovary re
moved at time of hypophysectomy) o Weasel C19, IIOOXo

Figo

20o Corpus luteumo Thirty days post-hypophysectomyo Same weasel
as Figo 19o Fusiform nuclei are those of fibroblasts (F). IIOOX,

Fig,

21, Corpus luteum. Active gestation not induced experimentally.
Nuclear and cytoplasmic volume is increased. Weasel 104, IIOOX.

Fig, 22,

Interstitial tissue. Active gestation. Corpus luteum from
this animal shown in Fig, 21, Compare this interstitium with
that of the delay period (Fig, 23)o IIOOX,

Fig, 23,

Interstitial tissue. Delay period.
time of hypophysectomy) o IIOOX,

Fig, 24,

Interstitial tissue. Thirty days post-hypophysectomy. Decreased
cytoplasmic volume is indicated by increased closeness of pack
ing of nuclei, I^knosis and shrinkage of nuclei is evident.
Weasel C20, IIOOX,

Weasel E32 (ovary taken at

\
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FIGURES

25-30

Figo 25o

Interstitial tissue» Estruso There are two kinds of inter
stitial cells based on size and cytoplasmic characteristics®
Weasel DI3 , 250X.

Figo 260

Growing follicle® Intact weasel during the delay period®
Weasel C19o Day 1 (ovaiy removed at time of hypophysectomy).
25OX®

Fig®

27 ® Uterine lining®

Fig®

28, Uterine lining® Intact weasel during delay period. Cell
apices are dense and nuclei are pyknotic® Weasel Cl9a IIOOX,

Fig®

29 ® Uterine lining®

Fig®

30 ® Uterine lining®

Thirty days post-hypophysectomy®
blence to intact (Fig. 28)® Weasel Cl9» IIOOX®

Note resem-

Weasel E32; Day 17® Hypophysectomized ;
ovariectomized g daily progesterone ; estradiol in graduated
dose beginning with day 10 and ending with day 14® Cytoplasm
is uniformly dense® IIOOX.

Active gestation not induced experimentally®
Epithelium is lower, cytoplasm is of uniform density, and
nuclei are vesicular with prominent nucleoli® Mitoses (M).
Weasel 104® IIOOX®

%

4
%

f

r

H

66

FIGURES 31-36

Figo 31 o Endometriunio Thirty days post-hypophysectonqr* Involution
of uterine glands is seen* Necks of glands are just below
lumenal epithelium in the upper part of the figure, The
gland fundi are in the lower part® Weasel CI9 . 25OX0
Fig, 32,

Endometrium, Intact; normal delay period (uterus removed at
time of hypophysectomy), Gland necks are at upper part of
the figure, fundi towards lower part. Weasel C19* 250X,

Fig, 33,

Endometrium, Weasel E32; Day 17, Hypophysectomized; ovari
ectomized; daily progesterone; estradiol days 10-14, Note
growth of glandsp both fundi and necks. Mitosis (M), 250X,

Fig, 34 ,

Endometrium, Weasel 104, Active gestation notexperimentally
induced (embryo in Fig, 11), Epithelium is cuboidal or low
columnar in both fundi and necks. Mitoses (M) are apparent in
^and necks. Fundi are distended, 250X,

Fig, 35,

Endometrium, Area of thread traumatization,Intact
weasel
during the delay period. Note giant cells and distention of
gland fundi. Weasel DI6 (day 10), 250X,

Fig, 36 , Placenta, Weasel 56 , Active gestation not experimentally
induced (limb bud stage). Note giant cells. Dark areas are
accumulations of cellular detritus. Distended gland fundus
at lower left. Hollow area at upper left is core of villus,
25OX,
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FIGURES 37-42

Figo 370 Region of sella turcica# Five days post-hypophysectomy# Left
of figure is anterior# Dorsum sellae (DS); venous sinus (VS);
organizing thrombus (T); gelfoam (G)# Weasel E31o 80X.
Fig# 38#

Region of sella turcica# Seventy days post-hypophysectomy# Note
new bone formation, which is taking place around the edges of
the drill wound# Weasel 101# SOX#

Fig# 390 Region of sella turcica# Seventy days post-hypophysectomy#
Left of figure is anterior# Anterior pituitary remnant (R) ;
neural stalk (NS); pars tuberalis (FT)# Weasel 101# BOX#
Fig# 40#

Region of sella turcica# Seventeen days post-hypophysectomy.
Area encompassed by figure is boxed-in in Fig# 6# Right of
figure is anterior# Neural stalk (NS); pars tuberalis (PT)#
Weasel E32# BOX#

Fig# 41#

Equipment used for hypophysectomy# From left to right*
cannula for removing gland by suction, fine glass probe,
pushpin, small ratractor, head retractor, large retractor,
sharp-pointed forceps# Upper scale (bottom of figure) is
metric; lower scale“in inches#

Fig# 42#

Carbon dioxide chamber# Hinged door hangs below the chamber,
which contains cage of the type used during this study# Top
is glass#
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APPENDIX la

DISCUSSION OF MATERIALS AND METHODS

Shipment of animals
Considerable difficulty can be encountered in the shipping of live,
wild animals0 On one occasion, almost all of the weasels in a single
shipment arrived dead after a 48 hour delay in shipment.

Although there

appears to be no guarantee that the animals won't be set aside at any
stop and thus delayed, the following measures are advisables
1)

The shipper must enclose all necessary papers with the shipment.

When receiving animals which must pass through customs, this includes
health certificates and declaration of worth,
2)

The route of shipment should be planned carefully.

Customs

stations close at the end of a regular working day and a shipment of live
animals arriving one minute after quitting time is held until the next
morning,
3)

The shipper should notify the receiver when a shipment is made

so that delays can be detected and ended as soon as possible,
4)

Since water included with shipments spills on the nest material,

it is better to include only very moist food with shipments.
Trapping
As was mentioned previously, culverts provide successful trapsites
during summer months, The most successful sites I encountered were those
that were so dense with low shrubs that it was difficult to get through
to set the trap,

A trap furnished with a nest box is necessary to ensure

greatest survival of captured animals.
prevent spoilage,

Bait should be changed daily to

A good nesting material is plugging cotton, with which

the nest box should be abundantly supplied.

During trapping for the
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preceding studies * several animals were lost because no nest box was pro
vided and the weasels got wet during a rain.

Others were lost because

of apparent intestinal disturbances that may have been caused by eating
spoiled baito
In winter, experienced trappers locate prospective trapsites by
searching for tracks in the snow*

The weasel track is well illustrated

in the book A Field Guide to Animal Tracks. by Glaus Murie (Peterson
Field Guide Series)»

The weasel places its forefeet and hindfeet in the

same spot and thus leaves a characteristic track»
squirrels appear to have done the same -Uiing»

In deep snow, however,

Tracks of left and right

feet of the squirrel are farther apart than in weasels.
Recently caught weasels were fed domestic mice, which probably repre
sented a very slight change from their natural diet»

Subsequent changes

in diet can be made by gradual substitution»
Care of captive animals
Before bringing the animals into the laboratory, it is necessary to
assess the possible effect on other animals with which they are to be
housed since the weasel harbors fleas and ticks » If necessary, infestations
are easily controlled by application of some spray for housecats, avail
able through veterinarians.
Evidence obtained here indicates that a period of adjustment to
conditions of captivity is imperative»
the animals died»

After hypophysectomy, over half

This was unusual for the operation, which has been done

ma%%r times on weasels by R*K. Meyer, University of Wisconsin, who showed
me the technique. Most of the animals that died were trapped only a week
before the surgery»

Most of the surviving animals had been in captivity
Captive wild animals must make adjustments to changes
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in temperaturet light, activity, noise, space, diet, perhaps
and other factors.

water,

Some of these changes can be minimized but the advisa

bility of an adjustment period is definite, providing that suitable con
ditions of photoperiod can be imposed.
A second factor which probably contributed to the high mortality
mentioned above is the seasonal pelage change.

Among mink ranchers, the

phenomenon of loss of appetite and susceptibility to disease that accom
panies the molt in mink is well known.

In the spring of I969 , I observed

extreme weight and appetite loss in one male longtail weasel during molt
ing.

Of the weasels dying after hypophysectomy, most were either white

or changing to idiite.

Ity experience indicates that it would be advisable

to allow completion of the molt before subjecting weasels to experimenta
tion.

If photoperiod adjustment is not possible during such a period,

it is

simple to house theanimals outside in cages with a nest box and

abundant nest material and sheltered by a tarp.
Since the weasel is easily disturbed and usually becomes agitated,
cages providing a nest box are probably best, although I have kept animals
in cages with plugging cotton only (no nest box) for over a year with no
apparent detriment.
Hypophysectomy
Some of the items necessary for performing hypophysectomy need to
be self-manufactured. One of these is the glass cannula for sucking out
the gland as mentioned in Materials and Methods.
glass

A diameter of soft

tubing suitable foradapting to a vacuum apparatus is chosen.

section of the tubing can

A

be heated and drawn out to a smallerdiameter.

Since the drawn-out tubing is tapered in diameter, this measurement can
aking off the end at an appropriate spot.

The ideal
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diameter of

the end of the cannula depends on

thepreference of the

surgeon and

size of the animalo

millimeters0

After breaking off the cannula at the desired point, the

end must be

filed perfectly square using fine

I used diameters (outside) of 1 to 1%

elbow is made, it is ready for use

emery cloth.After an

(Fig, 41),

For the making of retractors, pushpins of the kind shown in Fig, 41
and heavy rubber bands are desirable.
made of fine copper wire.

The head retractor (Fig, 41) is

Curved retractors (large) are made of piano

wire bent as shown, in which the end of the tool in contact with tissue
has been hammered flat and filed smooth.

Smaller retractors can be made

of hypodermic needle cleaning wire,
A dura hook may be made by bending a 1”, 24 ga, needle to a slight
angle and putting a hook on the end by forcing the tip against a hard
surface.
Glass probes for freeing the gland (Fig, 41) can be made by drawing
out solid glass rod and, using gentle flame, placing a small knob where
the end is broken off,
A surgery board can be made of soft pine and fitted with suction
cups to stabilize it on the laboratory counter.
Portions of the following list are copied from a list prepared by
R,K, Meyers
lo

dissecting scope (see Materials and Methods)

2,

illuminator (see Materials and Methods)

3„

forceps
a,

fine-pointedg for removal of the longus capitus muscle from
its insertion; see Fig, 5

bo

watchmaker's ; for freeing the gland
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ko

dental drill (Pfingst Co,, Noïo)

5o

contra angle handpiece (Pfingst)

60

dental burrs (Ransom and Randolph, Toledo)

7o

Gelfcapi: (Upjohn)

In order to maintain proper functioning, the contra angle handpiece
should be kept submerged in a fine oil when not in use.
Post-operative care
The most severe physiological disturbance for the first few days
following hypophysectomy is hypoglycemia.

This is treated by the injec

tion of 2 cc of 2 .5^ glucose just following removal of the gland and
replacement of sugar in drinking water on days after the day of surgery
on which the animal has not eaten.

In carnivores, the sugar should not

be sucrose, since plant sugars are not ordinarily a part of the diet and
since digestive disturbances have been shown to be z^ated to the ingestion
of sugars strange to the diet (Davis and Bolin, I969 ).
Administering ether anesthesia
As mentioned previously, ether was preferred as an anesthetic because
of ease of regulating depth of anesthesia.

This is done chiefly by

periodic checking of the respiratory rate.

Very slow rates accompany deep

planes of anesthesia and indicate stopping ether administration.
ones indicate shallow planes.
plane was too shallow.

Faster

Shivering was a reliable warning that the

Recovery from ether anesthesia appeared to be

complete within 30 minutes of stopping the ether.
should be applied during the recovery period.

Some means of warming
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Assessing brain damage
Occasionally, brain damage will occur during removal of the pituitary.
One of the first signs of this is an unusually long period of recovery
from the anesthetic.

After the anesthetic wears off, brain damage becomes

manifest by unusual positionings of the head and motor disturbance.

If

caution is exercised, this rarely occurs.
Hormone preparation and testing
Progesterone and estradiol used in the study were dissolved in sesame
oil by continuous agitation for 24 hours.

The apparatus I used for this

was designed for regulating the respiratory cycle in anesthetized mammals
through the motion of valves activated by a rotating wheel.

The hormone

mixture was affixed to the wheel with rubber bands and rotated about once
per second.

The progesterone-sesame oil mixture had to be warmed to 50^C

for 24 hours before the progesterone would dissolve.
'I

Very small concentrations of estradiol can be achieved by diluting
a stock solution.
I tested the efficacy of the hormone preparations as follows s Three
mature rats were ovariectomized on day 3 of pregnancy (day 1 ~ sperm in
vaginal smear). Daily injections of progesterone (4mg) were continued
from day 3 until autopsy.

On day 7p the rats were laparotomized to make

sure implantation had not occurred and a single injection of O.lpg
estradiol was given to two but not the third.

On the 11th day, laparotomy

revealed implantation had occurred (6 sites).in one of the two rats
receiving estradiol but not in the other.
terone had no implantation sites.

The rat receiving only proges

Despite the fact that one of the rats

receiving estradiol did not exhibit implantation, the trial was interpreted
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as Indicating that the preparations were efficacious • Not only was the
completeness of ovariectomy relatively certain but, since implantation
normally occurs on day 5» sites would have been visible on day 7* when
estradiol was given.
Calculation of the dosage of hormones
The dosage of hormone used in the preceding studies was arrived at
after considering the dosage causing implantation in rats and mice and
causing the greatest response in the weasel.

In rats, estradiol is effec-

“fcive-when used with progesterone in the ratio ,1«20,000 (estradiols pro
gesterone), that is lpg/2mg (Homma, 1966),

In mice, a ratio of ls40,000

is effective with estradiol given in a dose of 0.02^g (Humphrey, 1967;
Smith, 1968 ).

High doses of estrogen have been shown to have an anti

fertility effect in ovariectomized rats (lOpg estrone with 4mg progesterone 1
Nutting and Meyer, 196^).

In short-tailed weasels, administration of

0,4fig estrone and 3mg progesterone for ten days had resulted in an apparent
stimulation of embryo growth (Shelden, 1968)0
The fact that estradiol is about ten times as active as estrone in
causing an increase in uterine weight in spayed rats was considered in
calculating the dose to be usedo
If the mouse dose is adjusted to the weasel dose by direct multipli
cation by the factor by which the average weasel is heavier than the
average mouse, the resulting dose is very close to 0o05|tig estradiol with
2mg progesterone. This is also very close to the dose causing some embryo
stimulation in the weasel*

Consequently, this was the dosage decided upon*

Pituitary staining
Formol saline (10^ formalin in physiological saline) is recommended
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by textbooks as a fixative whenever PAS staining is to be used,

I found

the fixative to be satisfactory*
For the small pituitary of the weasel, the treatment preliminary to
sectioning involved usual periods of time.

Occasionally, however, extreme

hardening would occur that was remedied by cutting just into the tissue
in the paraffin block and soaking overnight in tap water.
The stain which 1 will describe was modified from procedures kindly
lent me by E.G. Rennels (University of Texas) and from textbooks.

It

differentiates clearly between acidophils and basophils and an astute
anatomist may feel justified in carrying the segregation further.
In badger pituitaries stained with the following method, acidophils
stain yellow, one basophil orange, and the other magenta.

The difference

between basophils is caused by the affinity of the thyrotrophs for aldehyde
fuchsin, a purple stain, while gonadotrophic^ basophils have some affinity
for acid stains and take up orange G.

Both basophils give a positive

FAS reaction (pink). The resulting combination of colors enables dif
ferentiation between the two basophils.
Utilizing each component of the stain separately proved to be a valu
able tool in assessing the contribution of each dye to the completed stain.
Actually, the PAS technique is not a stain but a specific reaction for
mucopolysaccharide (Humason, 1967)0
Stains and solutions for a PAS adlehyde fuchsin stain;
1,

aldehyde fuchsin
basic fuchsin
70^ alcohol
paraldehyde
cone. HCl

2.5gm
500ml
4ml
6ml

Incubate at 37®C for 36 hours before use.
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2*

V% periodic acid

3o

Orange G
Orange G
distilled water
(adjusted to pH
2.0 with cone,
HCl)

4,

Groat's hematoxylin

5o

Schiff's reagent

6,

5$ sodium thiosulfate

15gm
500ml

Procedure for stainings
^0 hydrate to water t 2, stain in aldehyde-fuchsin, 45 min, ;

2* rinse in 95$ alcohol until no more aldehyde-fuchsin comes out
of sections; 4, periodic acid, 20 min, ;
three changes of dis
tilled water, 2 min, each; 6, Schiff's reagent, 30 min,; 2» tap
water rinse; 8, Groat's hematoxylin, 10 min, ; g, tap water wash,
10 min, ;
Orange G, 15 min, ; 11^, rapid rinse in distilled
water;
dehydrate, clear, mount.
Adrenalectomy
In the winter of 1968, 2 short-tailed females and one long-tailed
female were adrenalectomized.

The adrenal glands of the weasel lie on

the left near the renal vein and on the right near the inferior vena cava.
They are located a few millimeters away from the superior poles of the
kidney.
After adrenalectomy, ionic replacement was made according to the
method of Steinberg, et al, (I967 ).

The replacement fluid contained 2

parts sodium to one part potassium and was adjusted to 0,3 osm.

This

fluid was given in place of regular drinking water.
Within one week, both short-tailed weasels had died.
intestinal tract was markedly distended with fluid.

In one, the

This suggested fluid

intoxication and may have arisen because of inadequate water for the excre
tion of the osmotic load acquired in both drinking solution and food.
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Accordingly0 the remaining weasel was given a choice of drinking
fluids, replacement fluid or tap water.

Observations in the following

days indicated that the replacement solution was not being utilized.
Death occurred 1 month after adrenalectomy.
I think adrenalectomized weasels could be supported with an appro
priate replacement fluid.

Although corticosteroid replacement would be

best, a possible effect on blastocysts would have to be considered.
Water requirement
During the winter of 1968, several male weasels were utilized in
studies of kidney function involving dehydration prior to an assessment
of urine concentrating ability.

A 48 hour deprivation resulted in the

death of 2 weasels.
Paraffin method
Vacuum, used as an aid to infiltration in the preparation of some
of the material for microscopic study was not an apparent advantage.
The technique of "subbed slides" (Humason, 196?) was a valuable
aid to keeping sections on the slides, particularly those of decalcified
bone.
Photography
Photomicrographs were made with panatomic-X film.
Kodabromide F-4 was developed in Dektol (lg2).

Single strength

Magnification resulting

from photographic enlargement was calculated from photographs of a stage
micrometer bearing ten-micron divisions.
Thinner sections are an aid to photomicrography.

In sections of

lOp or more, certain loci in the section are in focus at higher powers
while others are out of focus.
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Photographs can be mounted on regular paper using the "dry mount"
technique9 available at audio-visual aids centers.
Statistics
The data of these experiments were analyzed using Student's t (Mills,
1955 )o An assumption that must be made in order to use this statistic

is that the means to be compared are normally distributed. In small sam
ples, normal distribution may not be detectal^le by testing.

In samples

of this kind, I was not discouraged from using the t-test since it seemed
most likely that the numbers being analyzed (for example, nuclei in an
inner cell mass) would tend to be centered about a most common value with
no more tendency to be below than above it.

This justification can be

considered to be complete to the extent that intuition may be considered
to be reliable.
In the preparation of Table 3 9 a summary of data concerning nuclei
of inner cell mass, etc., it was noted that variations in data obtained
from a particular animal were often as great as those observed when
comparing different animals.
dence was made.

For this reason, the assumption of indepen

Since it was clear, however, that the finding of an

active embryo made it highly probable that other embryos in the same
uterus are also active, the assumption was made with misgivings.
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APP 2. COMPARISON OF MORPHOLOGY OF EMBRYOS OF INTACT AND EXPERIMENTAL ANIMALS
Animal
number
C19

Hormones
received

Surgical
treatment

N
(none)

intact

Volume
Embryo age
No# of
Day
(day 1 =
inner cell of embryo
post-op 15 July)
mass nuclei. (mm3xi0-2)
0

109

Diameter
embryo
chamber(mra)
0.56

15
10
13

1.73
1.01
2.55

0.56
0.56

A3

N

’!

tl

0

109

7
11
7
11

2.28
1.52
1.52
0.83

0.51
0.45
0.44
0.44

E31

N

II

It

0

200

13
7
11

2.62

1.10
3.06

0.71
0.62
0.60

'

D16

0
(oil alone)

II

Dl6

0

II

Dl4"

0

E3l“

6P
(progesterone
for 6 days)

M

hypX; ovX
(hypophysectomized j
ovariectomized)

10

119

20
16
10

5.02
5.61
4.60

0.62
0.57
0.51

15

124

37
8
9
10
27

4.32
2.30
2.30

0.50
0.52
0.47

2.36
5.61

0.62
0.60

30

139

5

1.25

0.59

6

115

30
25
31
20

2.Ï0
2.51
3.672.51

0.77
0.73
0.73
0.77

gÿn

(
8P
(progesterone
for 8 days)

hypX; Th
(hypophysectondaed ;
threads in uterus)

8

117

16

1.49

0.81

25
31
32

2.12
3.78

0.70

42

5.66
■5.24

36

A2

lOP
(progesterone
for 10 days)

A3

10?

A6""

lOP

B12

Al

A2

10

hypX

10

119
119

10

119

IIP, IE
hypx? Th
(daily progesterone
for 11 days; 1 dose
estradiol on day 10)

11

120.

15P, IE
hypX
(daily progesterone
for 15 days; 1 dose estradiol on day 10)

15

107
132
174

15

124

124

134

5.71

0.81
0.85

3.34

0.70

2.28

0.66
0.40
0.40

11.8
10.2
10.0
12.7
14.1

20

2.03
2.98

19

3.46

56
34

5.08

100

11.1
5.07
5.07

15

70
65
25

6.07

îî*^

114

15P, IE

25P, lOE
(daily progesterone for
25 days; daily estradiol
from day 10)

22
24

100

*

Al

50
50

3.30

63
50

0.82
0.80
0.85
0.84

3.54

9.42
8.12

0.65
0.62

0.78
0.78
0.85
0.52
0.60
0.65

0.85
1.00
0.85
0.90

0.82
0.65

0.60

s

13P, 4E
hypX; ovX
(daily progesterone (hypophysectomized;
for 13 days; estra- ovariectomized)
diol from day 10 in
4 daily doses)

13

E32

17P, 5E
(daily progesterone
for 17 days; estradiol
in 5 daüy doses from
day 10)

17

1ÆL21

Active gestation not intact
experimentally induced

E32

213

217

60

117
90
86
80

3.27
8.80
6.28
5.24
6.20

0.79
0.95
0.71
0.87
0.92

180
400

18.9
36.4

1.10
1.05

70

7.32

1.40
#

104

I*

C18

0
(oil alone)

C19

41

tl

C18

tl

tt

C19

It

it

C20

It

H

hypX

tt

m. Uteri removed after death or severe Illness*
d. Embryos degenerate but embryo chambers remain.

«###

200

1000

157

1.15

10

119

19

5.03

0.57

15

124

17
Î

7.55
?

0.72
0.77

25

134

100

10.7

0.67.

30

139

20
19

6.61
3.54

0.60

19
14
9
12
17

3.14
3.14
1.89
3.14
3.77

0.54
0.78
0.55
0.65
0.74

30

k39

0.55
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APP 3. MEAN NUIffiER OF NUCLEI OF EMBRYOS. COMPARISON BETWEEN EACH
POSSIBLE PAIR OF EXPERIÏ4ENTAL GROUPS USING STUDENT'S T.
Same as E32 2-6 but
embryos removed on
day 17, 2 days after
Ilast estradiol dose. ,

d.f.
t
P

E32
2-10
9
2.49
.05

E32 Daily
2-6
E
IE
P
20
21
12
9
7.66 6.03 4.49 4.91
.001 .001 .001 .001

d.f.
t
P

19
2.52
.01

22
7.88
.001

30
19
6.24 4.67
.001 .001

d.f.
t
P

14
2.35
.025

17
5.84
.001

14
25
3.52 1.05
.003 .15

d.f.
t
P

13
1.92
.05

16
0.61
.30

13
0.92
.20

d.f.
t
P

5
2,12
.05

Hypophysectomized ; daily progesterone;
5
2.74 daily estradiol days 10-25("Daily E"),
.025

d.f.
t
P

5
1.85
.10

Hypophysectomized; ovariectomized; daily progesterone;
estradiol in graduated dosage days 10 -1 3 ; embryos removed
day 13("E32 2-6").

31
5.41
.001

Intact

26
Hypophysectomized; daily
0.23 injections of oil alone
.90 ("HypX").
Intact; daily injections of oil
alone•

Hypophysectomized ; daily injections
of progesterone("P"),

Hypophysectomized; daily progesterone;
single dose estradiol on day 10("1E").

d.f. = degrees of freedom,
t = Student's t.
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APP 4. MEAN VOLUME OF EMBRYOS. COMPARISON BETWEEN EACH POSSIBLE
PAIR OF EXPERE^IENTAL GROUPS USING STUDENT'S T.
E32
E32 Daily
E
IE
. 2-10 2-6
d.f. 9
12
20
9
1.46
1.64
2.48
t
7.69
.001 .10
.10
.013
P

P
Intac
21
36
0.88 2.19
.025
.25

d.f.
t
P
•dif.
t
P

22
19
8.30 3.47
.001 .003

19
2.57
.01

30
3.94
.001

31
1.65
.05

14
14
17
8.40 2.47 1.92
.001 .013 .05

25
3.14
.003

P

16

d.f.
t
P

13

d.f.
t
P

5

d.f.
t
P

5
5.49 E32 2-6
.003

6 .2 6

1.01
.001 .20

13
0.46
.35

5
0.35
.003 .40

Daily E

6 .2 6

IE

All abbreviations same as App 3*

Intact

HypX
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APP 5. M A N DIAMETER OF EMBRYO CHAMBERS. COMPARISON BETWEEN
EACH POSSIBLE PAIR OF EXPERIMENTAL GROUPS USING STUDENT'S T.

d.f.
t
P

E32
E32
Daily
2-10 2-6
E
IE
p
Intacl
12
20
21
26
9
9
7.24
2.40
2.66
HypX
10.5
4 .6 7
0.25
.001 .001 .45
.025 .001 .01

d.f.
t
P

19
17.3
.001

d.f.
t
P

14
14
17
10.0 4,0
5.0
.001 .001 .001

d.f.
t
P

13
6.40
.001

16

d.f.
t
P

1 5 .0

5

5
7.68 Daily E
,001

d.f.
t
P

5
7.3^ E32 2--6
.001

.001

22
19
15.0 2.00
.001 .05

2.50
.012

13
2.61
.012

30
31
11.0
5.0
.001 .001
25
0.5
.35

P

IE

All abbreviations same as App 3»

Intact

